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INTKOPUCTION,  TIMINGS  AND  CONCLUSIONS 


ft.  INTRODUCTION 

Tho  Santa  Fe  Corporation  has  undertaken  a conceptual  and  analytical 
atudy  of  the  utility  of  upend  In  future  operations,  to  include  tho  rinks 
aonocint.od  with  not  achievi ng  an  appropriate  speed  and  tho  political  implications 
of  npaad  in  naval  warfare. 

Throe  npoHfio  tasks  weret 

I 

1.  Conduct  a conceptual  analytical  ntudy  of  the  utility  of  speed  in 
naval  operations,  specifically  to  include  transit,  maneuvor,  nuarcih, 
purnuit,  osaapo  and  convoy  operations)  tho  analyuis  to  cover  tho 
full  raiujo  of  available  speeds  for  current  and  future  Bhip  and 
aircraft  types,  including  hydrofoil  craft,  surface  effect  ships, 
and  SWATH  nhipn. 

2.  Frc,..i  tho  analysis  in  Tank  1,  document  the  rationale  ol  tho  need 
for  speed  in  the  various  naval  fund  loan  studied. 

3.  buterminu  tlioni*  speed  ran'ldi  wherein  future  plat  Teems,  cxintont  or 
nonexist nnl , employing  such  speeds  could  incronne  iho  of  teat i venues 
of  future  naval  oporntionn. 

Thu  findings  and  cone  1 uni onn  which  follow  provide  a nummary  of  the  ntudy 
results.  Much  conclusion  is  followed  by  page  references  to  the  detailed  anal- 
ysis riom  which  it  was  derived. 

Section  IT  contain'!  the  rationale  Cor  the  need  for  speed  (Task  2)  and 
the  speed  ranges  wherein  future  platforms  could  Increase  future  effect  ivo- 
nuni  (Task  J).  Seel  Ion  II  also  nerves  as  an  executive  nummary  for  the  reader 
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whoso  intercut  is  primarily  in  broad  illumination  of  the  utility  of  increased 
Spoodti  of  nnval  vahicloo,  of  tho  ganoral  analytic.1  approach  usud  in  tho  study,  and 
of  tho  relationship  of  this  offfort  to  tho  overall  Advanced  Naval  Vohiclen  Concepts 
Evaluation  (ANVCE)  Program. 

Sections  III  through  VIII  provide  the  analytical  details  of  the  utility  of 
spaed  in  each  of  the  vohiela  functions  listed  in  Tank  1.*  The  figures  and  tables 
(incorporated  in  each  of  the  roforonaed  soctions)  illustrate  tho  functional 

relationships  and  potential  trado-offs  between  vehicle  speed  and  tho  othor  purnm- 

■ 

etorn  of  vehicle  capability. 

Tho  Appendix  (Volume  II)  contains  tho  details  of  asnumed  geometry,  mathema- 
tical derivation  of  tho  equations  uned  in  the  analysis,  and  tho  associated  calcu- 
lations. 


* During  the-  study,  the  vehicle  function  or  "escape'  was  logically  divided  into 
two  subfund.  Ions , escape  by  count  nrat I tick  and  escape  by  avoidance.  These  arc 
analysed  In  dictions  vii,  attack  and  c:ounti:u attack , and  vui,  manhuvkk  and 
AVOIDANCK. 
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H. 


KlNI)IN(ifi  AND  CONCl.U.'ilON:; 


General 

1.  Incrooucd  speed  capability  onhancoB  tho  options  of  a naval  vehicle 
(or  force)  to  choosa  the  time  and  circumstance  of  engagement  an  well  as  tho 
option  of  avoiding  engagement,  (ppVI-9,  IP,  17,  23)  VII-D  through  9,  VII1-8 
through  13) 

2.  In  inoBt  naval  vehicle  functions,  effortB  to  increase  effectiveness 
will  involve  consideration  of  design  trado-offn  of  vehicle  speed  with  other 
parameters,  auch  os  survoillance  capabilities  and  weapon  ranges,  (pp  IV-20 
through  26)  V-1B,  20,  22)  Vl-14,  23,  26)  VII-9,  13  through  17)  VlII-lO  through 
13) 

3.  However,  of foctivanoso  in  a givon  total  mission  generally  incorporates 
Bovarul  of  tho  vehicle  functions  (o.g,,  on  escort  vehicle  must  bo  effective  in 
convov,  search,  pursuit,  attack  and  counterattack,  and  maneuver  and  avoidance). 
Increased  speed  capability  can  Contribute  to  of foctivor.ui.s  in  all  of  tho  func- 
tions involved,  improvements  in  othor  parameters  may  not.  The  utility  of 
speed  in  this  context  In  judgemental  in  nature  and  should  be.  considered  as  ouch. 

4.  In  crises  or  confrontation  situations,  increased  naval  vehicle  speeds 
may  ho  essential  for  effectiveness,  for  deterrence,  or  for  political  reasons. 

(pp  11-35,  36) 

Transit 

5.  Increased  vehicle  transit  speed  can  reduce  force  level  requirements 
for  an  operation  requiring  continuously  maintaining  a given  number  of  vehicles 
"on  station"  at.  any  appreciable  distance  from  the  base.  The  important  measure 
in  tho  product  of  transit  speed  and  total  endurance,  (pp  11-7  through  9;  tll-5) 
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6.  Current  displacement  ships  and  wlda-bndind  jut  nircraft  combJno  npoed 
and  operating  costs  (per  ton  hour)  to  provide  officiant  transportation  of 
oargoos  of  appropriate  value.  Prom  a purely  economic  point  of  view,  thin 

la  not  true  of  currently  operating  advanced  naval  vohlclos.  Bmorging  designs, 
auch  an  the  largo  SK8,  may  be  comparatively  efficient  in  thin  ruapuct.  (pp  tt- 12 j 
111-16,  19,  22 , 24) 

7.  Transport  of  military  cargo  lnvolvon  additional  conn (do rat  loan  of 
military  worth  which  can  far  exceed  basic  dollar  coots  and  can  bo  a highly  time 
dependent  function.  Those  aro,  however,  subjective  judgment*;  which  are  scenario 
dependent.  (pp  n-lOt  Ti.x-9) 

0.  For  sustained  logistic  support,  (maintenance  of  a pipeline  of  goods)  , 
increasing  vehicle  speed  operates  to  reduce  tho  number  of  platforms  required  to 
maintain  a given  rate  of  flow.  The  important  measures  aro:  (1)  tho  product  of 

npoud  and  capacity,  and  (2)  tho  londing/unionrtii'g  rates.  For  a given  npoed- 
capaclty  product,  th...-e  are  preferred  loadi ng/u.iloadln.,  rates,  (pp  IT-  1 4 1 

III- 27,  20) 

Convoy 

9.  Future  submarine  throats  dictate  much  higher  convoy  spends . A current 
limit  on  convoy  speed  is  the  maximum  speed  of  escorts  corduct.  tng  continuous 
acoustic  anarch . Advanced  naval  vehicles,'  employing  sprint,  (or  flying)  drift 
tactics,  enn  provide  effective  protection  at  much  higher  speeds,  (pp  ll-l'/i 

IV- 20) 

Search 

10.  Optimum  acoustic  search  speeds  (10  to  20  knots)  are  inadequate  against 
high  speed  tuil.mir  I mm . Spiint  (or  flying)  drift  vehicles  can  achieve  much 
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higher  effective  oontch  spnodtt.  An  important  parmnntur  in  tho  design  of  nucli 
vehicles  ie  tho  "virtual  opted"  which  in  tho  detection  range  while  drifting 
divided  by  tho  drift  time  required.  Sprint  npeod  to  virtual  npnod  ration 
greater  than  about  1.2  have  low  payoff.  Then,  highor  sprint  speedo  will  be 
more  effective  if  accompanied  by  incroanod  detection  ranges  and  reduced  drift 
times.  (pp  11-20-23  » V-0,  10,  20,  22) 

Pursuit 

11.  Effective  pursuit  spoodo  are  1,5  to  3.0  or  morn  timen  tho  speed  of  the 
puruuoe.  Therefore,  pursuit  by  like  vehicles  is  limited  in  of Coctivonors . Pur- 
suit of  high  ttpuod  submarines  by  displacement  ships  in  similarly  limited,  even  if 
the  problem  of  effective  acoustic  search  npoed  can  be  solved.  (pp  11-25)  VI-9, 
12,  14) 

12.  if. on  tho  pursuit  mission  vulmiitutus  in  attack,  thorn  is  a direct 
trade-off  between  increased  effective  weapon  ranno  and  increased  pursuit  speed 
ration,  longer  weapon  range  in  perforahlo  to  higher  speed  when  the  time  with- 
in which  the  attack  tnuol  be  conaummal ed  i;i  short.  (pp  11-26)  VI-14) 

Att  nek  and  f'ounterat.tuck 

1 3 . Incrn/isiny  vehicle  npood  provides  additional  options  in  attack  and 
counterattack.  These  options  allow  t.hu  tactical  coiiunander  to  conairter  other 
factors,  such  a;,  the  expected  military  value  of  the  outcome.  (11-27  through  29) 
VI 1-4  throueh  9) 

14.  In  j>otunt  ini  nttnck-cminturat  t.ack  si  Illations,  there  aro  design  trade- 
offs between  vehicle  speed  and  llio  capabilities  of  surveillance ‘and  weapon  ays- 
toms.  (pp  VI 1-4  through  9,  13  through  17) 
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Maneuver  and  Avoid. men 

1!>.  When  ,i  I mi  mirr  li.i::  ci  nt  i mi.  mu  1 ufcu  ni.it  ion , t here  i little  th.it  fl  pur- 

BU9Q  can  accomplish  by  maneuver,  unlo&B  ho  haa  speed  advantage.  If,  however,  tho 
pursuer  hao  only  intormi ttnnt  information  and  tho  purnuoo  turn  at  loan!:  equal  infor- 
mation, the  purtiuna  can  unti  the  "blind"  poriodn  to  maneuver  to  increatio  tho  aron 
of  uncertainty  and  in  soma  eauua  escape.  (pp  11-31  , VII1-3) 

1C.  Whan  pursuer  and  purmtoo  have  comparable  Information,  relative  weapon 
capabilities,  oh  wotl  tiu  relative  upends,  determine  the  optlonunnd  potential 
outcome.  (pp  1 1-31  > vm-:t) 

I 

17.  Tha  utility  of  npeod  in  mnnouvcirs  to  avoid  detection  bv  n ftonrchui* 

(or  suareh  Hyntem)  depends!  on  the  nature  of  tho  search  (barrier,  area)  and 
tha  charnctoristicn  of  the  Henreh  Hyntem  (continuous,  .Intermittent,  net.ivu, 
pussiva).  (pp  u-31,  32 1 VX1I-4  through  7) 

IB.  Increased  vehicle  opaod  can  contribute  t.o  the  ability  to  maneuver 
to  SHcapn  tho  lethol  area  of  nttaeBSnn  we.moriB . SttcenriH  actalugt  iunrlni-n 
requires  high  tunmivi.rabili.ty  at  high  speeds.  (pp  11-3 j;  vilWl-13) 

l^ol  1 tl  cal  Implication!! 

If).  Wliile  the  jiol  | (ie.il  l.enefil'i  of  1 ncrenn  t ng  the  speed  ol  n.iv.il  vehicles 
are  intangible  and  not  direi.-ily  (luanlif table,  they  are  leal.  A navy  with 
higher  Upceiln  can  enhance  the  image  of  the  Un  I tod  fit  a Lett  and  contribute  to 
doterron.  o.  Kxamplcn  .include  th"  fol  low  I ng : 

• Tim  advantage  of  being  the  flraL  naval  fence  cm  the  mime. 

• Kffecl  I venemi  In  policing  and  cnfoicing  tl.fi.  rights  under  Inlrt'- 

nutloinil  agreement  n, 

• The  national  and  Inlet  nat  tonal  value  of  Ik- lug  viewed  an  "the  befit." 
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• Timellnoaa  of  reaponna  to  diNaotore. 
c Technology  tranofcr  with  tho  private  ooctor. 

(pp  11-35  through  38) 

i 

Tho  noxt  unction  contains  tho  rationale  for  Hpood  and  tho  axecutivo  num- 
mary. 
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SECTION  II,  KATltlNAt.H  FOR  Hl'l:i.|) 

A,  INTRODUCTION 

1 . Ccnorol  observations 

There  (ire  naval  functions  and  scenarios  whom  increased  vehicle  speed  produce 
substantial  payoff.  Any  continuing  tnimiion  wli'eh  muni  bo  performed  at  groat  din- 
tancoB  from  banes  (c.g.,  barrier  operations  at  koy  choke  points)  requires  that 
some  portion  of  the  forco  be  involved  in  transit  to  and  from  t ho  barrier.  Inoreau 
ing  transit  upood  capability  reduces  tho  trnnnit  timo  and  (depending  on  the  effoat. 
on  total  endurance)  may  operate  to  reduce  tho  percentage  of  tho  forco  In  (non- 
productive) transit.  Said  another  way,  increased  transit  spaed  can  dec'renoe  tho 
number  of  platforma  nooconary  to  conduct  tho  operation. 

Ab  ono  might  expect,  there  are  also  substantial  increanon  Jn  mlutiion  utility 
by  combining  speed  increases  with  Improvements  from  changes  in  nthor  key  para- 
meters. An  example  ill  that  of  a naval  vehicle  nurnuing  a datum  with  a 
problem.  Thu  probability  cf  detecting  its  target  in  improved  by  increasing  the 
detection  range  of  its  on-board  noii'ior  through  increase  in  itu  neat  cli  width.  It 
can  also  be  improved  by  I n<  leasing  npooil  (which  reduced  the  time- 1 a to  and  t hn 
area  of  passible  target  local.! on)  . Cimoiu  ■ enl  I ncroaup;:  In  both  (induce  ccuuild- 
erobly  greater  Increment m in  detect  inn  probability. 

However,  there  are  dome  foreseeable  secnarioe  anrl/cir  operat  tnn*i  in  which 
increased  speed  h.t:i  little  or  no  utility.  Consider,  for  example,  a continuing 
convoy  operation  in  the  face  of  a threat  mini  I at  1 r.g  of  a broad  ocean  nurvel  1 lahcii 
syolem  with  a near  real  time  data  link  to  suhinoi  J non  armed  with  tactical  ballis- 
tic missiles.  If  the  ntissi  loti  have  a range  capability  ot  several  hundred  mi.lou, 
tho  threat,  in  onnnnl.io  lly  iii.li  f f oient  to  convoy  upt-nd-i,  More  generally,  increased 
detect  ion  ranges  and  long-range  umart  weapons  on  one  tilde  will  generally  ovor- 
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comp  i ncrcascd  speed  cm  the;  other  .'ildr. 

There  is  ooma  flnito  limit  on  the  total  military  utility  which  one  can  rea- 
sonably design  into  a given  nnvnl  vehicle  and  thus,  a quoution  of  how  much  oi 
tho  "packsga"  should  ho  allotted  to  npoed.  There  nro,  therefore,  sovoral  trade- 
offs between  speed  and  other  koy  performance  purumotnra  (such  as  survoillanco 
and  Bciarch  capabilit .lent  weapon  range,  accuracy,  and  lotlmlityj  and  various 
endurance  factum) . Many  of  those  trado-offa  occur  ovor  definable  pertinont 
■pood  ranges, 

An  undarntanding  of  tho  utility  of  vehicle  spuodo  in  naval  functions  must 
also  include  conuidoration  of  vehicle  m.inuionn  which  can  bo  expected  to  combine 
uavcirul  of  the  basic  naval  funch.tonn  analysed. 

Por  example,  consider  an  escort.  vehicle,  Tho  total  minilon  may  include 
searching  while  escorting , pursuit  of  contacts,  and  attack  anrl  counterattack, 
and  expeditions  roturn  to  convoy  illation.  Viewing  the  vehicle  in  each  function 
in  isolation  i.isy  give  indications  of  ill  tornat i vm  othcu  than  npoed  for  accomplish 
ing  tho  same  i narration  in  utility  qf  the  platform.  In  search  activities,  inoroao 
ed  del  eel  ion  range  substitutes  for  ripee.1  In  improvin')  search  rate)  inert’ a nod 
weapon  range  may  enhance  the  pursuit  and  the  nUack/rnuntc rattnek  functions.  How 
over,  ncroun  tho  whole  sped  turn  of  functions  involved  in  the  mission,  lncrcauod 
speed  could  be  the  hotter  choice,  lly  inference,  increased  speed  may  requi.ro 
even  more  nmphauin  In  designs  of  muHi-mlstiion  platforms. 

2,  He.lat  innnhip  of  the  Analysis  to  Lhn  Advanced  naval  Vehicles  Concepts 
Kveili.it  Inn  (ANVCK)  Program 

This  analysis  investigated  the  utility  of  spued  in  the  following  naval 
vehicl  e funet  ioiiu  i 

«.  Trnnnlt 

b.  Convoy 
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Boarch 


c. 

d.  Pursuit 

•.  Attack  and  Counterattack 
f.  Maneuver  and  Avoidance 


During  the  t.-e'-  of  thin  study,  the  ANVCD  Program,  of  which  if  la  a part, 
developed  the  following  "hierarchy"  of  military  activities,  derived  by  nynthn- 
sio  from  "Project  2000,"  "Study  of  Miooiona  Involving  General  Purpose  Forces," 
and  "CNO  Policy  and  Planning  Guidance  for  FY  70-82" t 

1.  National  Military  Mlnnionn 

2.  Naval  Objectives 

3.  Naval  Functions 

4.  Navil  OnoraHnna  and  T.vV« 

5. ‘  Naval  Wnrfaio  Amur, 

Traditional  naval  warfare  orea:i  ouch  an  ASW  arc  intimately  linked  with 
specific  platformn  and  weapons  nyiiteiimi  hence,  focusing  at  lent  Ion  at  level  f, 
would  conntr.iln  the  anntynln  to  being  highlv  platform  dependent.  Accordingly, 
in  the  initial  otngon  of  tha  program,  it  wan  decided  to  focuri  attention  at. 
luvul  4,  i.n,,  naval  opnratlomi  and  tanka . Twelve  haute  naval  operations  were 
defined  hy  the  ANVC-’U  Study  Director  am 

1.  Uarrter  Oporntlem, 

2.  Snn-lrfiunchod  Hallintic  Missile  Dofenrie 

3.  Mine  Warfare 

4.  Surveillance  and  Iteeonna  1 finance 
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5.  Naval  Force  Protection 

6.  Shipping  Protection 

7.  Open  Ocoor.  opo, -itionn 

B.  Ofiohore  Roanur-co  Protection 

9.  Logistic  Supper': 

10.  Strike  Against  Land  Targets 

11.  Inshore  Warfnra 

13.  Amphibious  Oparationo 

The  vehicle  functions  in  thio  report  are  not  to  ba  confused  with  the  "Naval 
Functionn"  nt  level  3 of  tha  hierarchy  nbova  (San  Control  and  Power  Projection) . 
Collectively,  they  are  applicable  to  all  o'  tlm  twelve  basic  naval  operations  of 
level  4 (tho  focus  of  the  overall  ANVCE  Program)  an  indicated  in  Tnblo  tl-1. 

Table  ll-l  only  aurvua  retrospectively  to  relate  loosely  tho  twelve  basic 
naval  npnr/iHnns  to  tVm  nlv  fimotlonn  of  thin  frnprr . Tn  fart,  the  lwi»1vn  hanfc 
naval  operations  were  finally  defined  about  halfway  through  the  study  effort  on 
opccd.  Table  ll-l  In  mibjnei ive , and  different  nu thorn  might  relate  the  opera- 
tions and  functionn  nltghtly  differently. 
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3.  Rol at  i onah Ip  of  rportl  K.nycn  to  Voh I c:  1 ti  Typon 

Tho  detailed  analyniu  of  tho  utility  of  speed  in  the  vehicle  functions  (Soa- 
tiona  III  thru  VI t I ) woo  conducing  without  rogard  for  n particular  naval  vehicle. 
Tho  results  of  tho  snalyslo  are  rolatod  to  speed  rangon  of  specific  vehicle  typos 
In  the  following  iiubyoetiona,  which  also  develop  the  rationale  for  apood  in  each 
specific  function. 

Opacd  intorvnlo  wore  ohooon  to  oorreepond  approximately  to  representative 
current  technology  of  advanced  naval  vohielon.  (The  interval  limits  can  bo  ex- 
pected to  change  as  vehicle  technology  progresses) . Tho  opacd  ranges  and  cor- 
responding vohiale  conoopta  are  listed  ho low i 


Speed  Kango  (knots) 


15-35 

35-60 

60-100 

100-200 

200-600 


Vehicle  Concspt 

Dioplacement  Ship/  SWATH,  Planing  Craft 

Hydrofoil 

/.tV,  BBS 

WIG,  UTA  (WT  Bpoed  range  is  about  150  250) 
Pixod-Wing  Aircraft  (Air  loiter,  Soa  Loiter) 
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B.  TRANSIT 


Transit  of  ft  naval  vahiolo  in  tha  function  of  proceeding  to  nnd  from  a 
vcthlcla  mission.  Three  aspocto  have  boon  considorod,  In  each)  there  ere  incon- 
tivan  to  reduce  tho  time  opont  in  trano.lt  end  therefore,  to  incroano  transit 
spend,  Key  observations  from  each  cant*  follow. 

Cano  I.  Tranait,  To  and  Prom  .a  Station 

For  thin  function,  a uuuful  utility  monuuro  iu  that  of  tho  bnun  loan  fnotor 
(Dili'),  which  ia  generally  defined  aa  tho  number  of  vehicles  required  in  order  to 
koop  ono  on  station,  i.o.,  conducting  it.n  minnion. 

When  endurance)  ia  innanuitivo  to  npoed  (e.g,,  nucionr  propulsion)  or  limited 
| by  other  factors  (o.g,,  pilot  fatiguo) , increaood  tranait  npnod  ahowB  clnar  gains 

?■  in  utility.  Othorwioo,  thn  problem  becomes  emu  of  dooign  trado-offs  among  trim- 

S 

i Bit  apoad,  mission  performance  spood,  total  endurance  an  a function  of  thoao  two 

y 

j speeds  and  tho  rocpi  I rod  tranait.  dlntanco. 

» 

In  any  event.,  thoi^j^iro  practical  limit.u  on  how  email  u Ltt.F'  can  bo  achieved 
(by  whatever  mrano)  . Dolow  about  1.5,  further  decreases  como  only  by  achieving 
vory  largo  incroaoos  in  the  pioduot  of  transit  speed  (V)  and  total  onduranoo  t Lmo 
(T),  the  VT  product.,  liven  In  ease  of  n total  endurance  which  is  insoini.lti.vo  to 
trnnnit  spaed,  reducing  tho  MM-'  from  1.5  to  I.S5  would  require  almost  douhUng  tho 
tran.'i 1 1.  speed. 

Character  U Ue  tlly,  for  a typical  mld-At  1 mile  mi-iulou  O000-nm  round  trip 
tranait)  base  loan  factor u of  about  1.5  aro  probably  achlcvnhln  for  noma  current 
displacement,  hulln.  Current  patrol  aircraft  (s>-3)  are  capable  of  similar  iniB- 
slonn,  but  only  at  IJl.l-'ii  oT  about  G.  One  inlglit  expect  that  the  bout  Mil's  that 
technology  can  reasonably  expect  to  achieve  for  advanced  naval  vehicles  will  bn 
bounded  by  therm  two  values,  ns  indies  U<1  by  i|„,  analysts  in  auction  111. 
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Table  ll-Sa  ohow«  tho  product  of  VT  (in  unite  of  mi loo)  nnoo«#ary  to  achieve 
tho  Indian  tod  ntr  fur  the  indlunted  two-wny  trnnnit  dlotancias, 

Table  Il-2d.  Trnnulfc  Spaod-linduranco  Produatu  (VT)  and  linnet  Lotto  factors  (DW) 


\, Diat, 
Xjim 

500 

looo 

1500 

3000 

1.8 

JLU 

1500 

600 

3000 

1200 

4500 

1000 

9000 

3600 

» 


Tablet  TI~2b  nhowa«  art  fin  < •MOinpl <» , tbo  endu  ranee  in  bourn  required  for  a 
two-wny  transit t.  dial  nitres  to  achieve  ih»  indicated  itU''  iti  the  iipoed  interval u 
noted.  Knr  sim|i)  let  ty,  tho  calculation  in  mndn  for  tho  ntld-pol.nl.  of  each  npood 
int.orval . 


•ruble  II-2b.  Required  JSmlit raucio  (for  Varioua  Hpoodn)  tn  Achieve  ULPu 


( lOOO  nm  Two  Way  Dint  alien) 


''s>.  Jipof.'d 

1 0—  1I> 

V>-(j0 

f — ..’flU  m,',  ■ 

60-100 

100-200 

200-600 

IJLP  X 

1.5 

120 

63 

30 

20 

B 

6.0 

41) 

25 

]R 

*> 

3 

U-0 


t 


a 


Thus,  nn  00-knot  ACV  or  SICS  roquiron  obont  30  hours  of  onchirnnco  to  bo  able  to 
maintain  a 1.5  bauo  Ions  factor  at  1000-mi  In,  two-way  tronB.it  distances 

Toblo  II-3  shows  how  tho  endurance  requirement  changes  na  the  two-way 
distance  to  station  changes  for  an  00-knot-  vohiclc. 

Table  11-3.  Required  Endurance  (llourn)  to  Achieve  M.Kb  at  Various  Tranall  Distances 


Tho  important  point  in  that  tho  design  of  an  ElO-knot  ACV  or  BUS  nui.it  meet 
certain  mission  dintanco/enduranao  conetraintn  if  force  lovola  are  to  bn  reaf.ion- 
ablu.  Current  technology  indicator)  a total  range  of  about  1500  nm  for  ari  00- 
knut  SriO,  which  muulLj  in  <m  enuui diico  ut  nun  speed  or.  about  19  hours.  This 
endurance  corresponds  to  a nLP  of  about  3 for  - round  trip  distance  of  3 000  nm, 
At  50  knots  the  endurance  in  about  <10  bourn  and  the  tlLl-'  in  !?.  Thun,  It  is  nut. 
sufficient  to  choose  speed  intervals  in  vacuo  for  conntdor.it  .1  on  of  transit  tin 
ntatlon,  but.  rather  a net  of  consiutont  parametric  values  must  be  designed  into 
tho  vehicle  and  the  vehicle  mionion. 

Tho  00-100  knot  interval  was  used  an  nn  example.  A similar  table  can  be 
constructed  nnd  conclui.it on.')  drawn  for  each  speed  interval. 

Cano  II.  Transit  to  a Pent  I nat  ion 

The  transit,  to  dent  J nat  I ns  analyses  consist  of  an  i event  tqat  ion  of  utility 
of  a peed  of  naval  vehicles  over  a potent  lnl  variety  of  transport  missions.  In 
n general  economic  uonso,  the  cost  of  a givi-n  transport  mis*-. inn  depends  en  three 
factors  i 
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1.  Cost  of  thn  goods  being  transported,  ninco  there  is  on  oppor- 
tunity eout  of  alternatively  Investing  thin  dollar  value. 

(The  cost  ol’  tin  good u x tho  intoront  rote  per  unit  time  x 
the  time  in  trniuiu.) 

2.  The  pie-  form  daily  or  hourly  operating  coats  which  aro  eoBcn- 
tinlly  independent  of  Bpoed  (time  dopundont  coats)  . • 

3.  The  apood  clnpendont  cost  of  onorgy  consumption. 

Tho  analysis  of  this  catio  in  Section  111  nddrcunuB  this  problem  and  indi- 
cated that  tho  principal  impact  of  epoed  mny  lie  in  tho  maritime  and/or  air  trans- 
port realm. 

There  is  o potentially  important  parallel  consideration  for  tho  donign  of 
future  naval  vi.hiclen.  Conceptually , item  1 above  can  be  coneidorod  as  a time 
dependent  military  utility  function.  That  is,  the  military  value  of  tho  dolivory 
depends  on  its  deterrent  value  or  itn  tiubnegeont.  military  effectiveness  and  it  may 

JilUC  C.*'  tV'’  tri*.rr' ? *.  m*Vn  Vho*  *1  Mn  w> 

made  to  determine  thin  highly  r .enario  dependant  "value"  of  a military  cargo. 

Ilowuvor,  Home  inniglil  into  the -effect  ivunoss  of  naval  vehicle  speeds  in  thin 
typo  of  transit  function  an  )jt?  gained  by  using  a range  of  dollar  valuer,  (per 
ton)  as  a proxy  for  Military  utility  of  coign.  Combining  these  values  with  op- 
timal npncdu  for  a realistic  range  of  fixed  operating  1 -out.  . per  ton  hour  produces 
n sot  of  curves  of  deuired  speed  ranges  at  v-nich  to  transport  such  cargo.  Thin 
in  done  in  Uki  nnalyui-  in  Section  111  (Transit)  1 table  iT-d  indicates  rosulta  of 
this  analynis. 


ll-lft 


I 


> i 


r 


Table  II-4.  Optimum  Spend  Intervals  for  VarinuB 
Cargo  Voluos  and  Oparattncj  Contr 


Cargo  Valua 
, ($/Ton) 

Fixed  Operating  Cent 
($/Ton  Hour) 

Optimum  Spaed  Intervale 
(Kno.tn) 

1-10 

.001 

0-10 

10-100 

,001-. 01 

10-25 

100-1000 

.01-. 1 

25-40 

1000-10000 

.1-1 

40-65 

10000-100000 

1-10 

05-105 

> 100,000 

* 10 

> 165 

More  generally,  aorrtniponding  to  each  range  of  cargo  vuluo  thuru  iu  nn 
optimum  spool  of  transit  and  nsMooiuted  operating  cost  which  minimi  mo  the  total 
transportation  cent.  no.  t porating  conto  increase  t.haru  in  n range  pf  cargo  val- 
ues which  are  inncitmitivo  to  trarinit  upood  up  to  a er.iti.ru].  value,  tinynnd  thin 
vain  . the.  optimum  ftp.’., id  of  truimli  in  a inonotonically  i nereur. I t.cj  function  of 
cargo  value,  for  example,  for  an  operating  coni  of  $10/1  on  hour,  the  optimum 
upend  oi  transit  is  i ir, until l ivo  to  an roju  value  until  cargo  value  ic.ioheu  a range 
of  $10,000  to  $100,0()0/lon;  it  then  incrciunoa  moitolonical ly  with  cargo  value. 

Par  CMinp.-irJriai’,  'I'.ilile  .1 1 — !i  inelie.  ttosi  reprenenlatlvo  values  of:  pay  I oadn 
and  fixed  opcriit I ng  etinls  of  various  typru  of  Voliiclen. 
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Table  11-5.  Eatimatud  Payloads  and  Fixed  Operating  Cootn  for  Various 
Types  of  Existing  or  Proponed  Vehiclna* 


Spend  Itnnga 
(knots) 

Vuhiclo 

I’  ny  load 
(Tons) 

Fixed  0pornti.no  Contn 
(9/Ton  Hour) 

15-35 

Diuplnoomont-  Ship 

5000-15,000 

0. 1-1.0 

35-60 

Hydrofoil 

15 

21 

•60-100 

ACV 

75 

37  ■ 

BIOS 

•v  30 

10 

100-.200 

1,TA 

WIG 

> 200 

. . i (C— 3.30) 
B/c  \ (747) 

22.5 
-v  B5 

42 

250 

At  their  prenont  ntage  of  development,  advanced  vehicles)  would  be  fur 
below  optimum  in  transport  r.ilbulons: . Fur  iiA.uuple,  an  CO-ki.ot  SEB  which  could 
oohievo  fixed  operating  coutu  of  about  $.l/ton  lr.  if  would  be  an  .optimum  vehicle 
for  trunnport incj  cargo  in  the  $1000-910,000  por  ton  range.  The  table  indicated 
that  one  cui  rent.  BUS  ha  a fixed  operating  ooutn  of  about  $10/ ton  hour.  Thin 
particular  vehicle  ban  a payload  of  30  tonn.  A much  larger  proponed  SES  (50 
kncitn,  payload  about  1300  tone)  and  other  larger  and  fanter  future  voroionn 
arc  under  connlduration.  Theuo  muy  be  competitive  i n the  region  of  higher 
cargo  valued  avdumin.j  that  larger  enpneitinn  will  rcmu.lt  in  lower  fixed  oper- 
ating coni  n (5/1’on  Ilnur)  . 

Canu  111.  liuntained  login!  le  Support 

The  nuHlaim-d  logi  i;t  I re  nupport  operation  cun  be  cont.idnrcd  an  a pipeline) 
of  goodn,  wherein  a large  amount  of  the'  material  in  the  nyntem  io  on  route. 

*Hof  nrenecn  fn . entlmatod  oper.it  i ni|  coat,  data  Include  The  Uti  l it  y of  High  IVrfqr- 
mmtee  Wat.ercrn  l.  r or  .Sole,  t oil  Ml  tin  lnii!)_of_Uin  United ....‘;!  al  e'i  j!iu_aril.  (U)  , Pro- 

ject."721530,  Center  Cor  Naval  Aiui  ly.-uia,  November  1972,  All  754  917. 


Tho  principal  meaouro  of  the  of fact  of  apeed  in  a pipeline  in  tho  numbar  of  plot- 
forme  required  to  sustain  n given  tato  of  dalivory. 

Tho  critical  parameters  associated  with  a pipeline  operation  aro  tho  spend 
of  transiti  the  pnylood  capacity  of  tho  platform,  and  tho  loading  .and  unloading 
rates  at  tho  and  points. 

Emphasis  in  on  speeds  botweon  35  and  300  knots  since  these  speeds  eor- 
roepond  to  tho  majority  of  advanced  naval  vehicles  being  considered  by  ANVCIS. 

It  should  bo  noted  that  tho  spued  regions  below  35  knots  (displacement.  uhipn) 
and  above  200  knots  (fi.xod-wing  aircruft)  are  occupied  by  logintica  Byntnms 
devolopnd  from  mature  technology.  Tho  35-300  knot  npeod  region  in  ehnrac- 
teriseod  by  now  conooptu.  Comparable  technological  development  may  rouult  in 
much  higher  performance  lovoln  in  thin  apood  range  in  tho  future. 

Tho  vehicles  in  tho  upaod  region  of  interest  represent  « generic  sot  in 
its  technological  infancy.  Some  of  these  v oh i cl, an  worn  not* in  existence  a 
decade  agoi  othern,  such  na  1 ight  er-thnn-n)  r , represent  ro-emorq tng  technology. 

Tha  wing-in-ground  concept  wan  n lechiinlogictil  curiosity  until  brought  to  fruit  inn 
by  tho  flcivietu  in  such  vehicles  as  t tv  giant  "c.p.plati  fu>.i  Monster." 

An  important  relationship  which  emerged  flout  tin  mialyalH  of  the  iiiim- 
tuined  logistics  support  problem  wan  tho  snood-  capacity  product  (VC)  , The  advanced 
Vehicles  in  the  speed  region  of  interest  are  capable  of  nalLsfyi  n<j  the  speed 
roquiremuntu,  but  arc  deficient  In  their  payload  capacity,  However,  Ibis 
deficiency  may  tin  corrected  with  some  of  the  planned  advanced  vehicles  (such 
as  the  large  fiE‘1)  making  llieno  plat  form-,  morn  attractive  for  unit  In  n sus- 
tained pipeline  operation. 

Tiie  analysis  shows  that  the  required  number  of  platforms  lit  the  pipeline 
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operation  onn  bo  traduced  by  increasing  the  loading/unloading  rule,  but.  that  do- 

^ Af  — u I t 

creasing  marginal  returns  oeeur  at  high  rates.  For  a VC  of  35,000  — - 

nour 

(charootcrintio  of  a C-5A,  for  example) , an  unloading  rate  of  more  than  about 
200  tons/hour  (20-30  minutea  unloading  time)  docs  not  yield  oignitioont  reduc- 
tion in  tho  number  of  platforms  needed)  for  a VC  of  400,000  (ohnraetcriatic  of 
a modern  onrgo  uhip) , unlouding  ratoa  of  350-400  tons  por  hour  eontinuo  to  pro- 
duce appreciable  reductiono  in  the  number  of  p.latformn  required. 
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c. 


CONVOY 


Tho  convoy  function  con  bo  viewed  no  a apodal  cano  of  the  "pipelino"  prob 
lam.  Ilowavor,  tho  olomant  of  ourvivnbl  lity  of  the  platform  in  nddod.  Prom  thu 
point  of  view  of  advanced  naval  vohlcloo,  tho  offoct.  of  the  relative  npnacl  eapa 
bllltloB  of  the  convoy  tth i pa , oMcnrtn,  and  throat  vohlclnn  on  pipeline*  nurvlv- 
nbility  in  of  primary  inkoroBt. 

To  this  end,  vohiolo  npood  por  no  in  nn  inadequate  moanuro  to  determine 
convoy  iiurvivability,  Therefore,  opoed  ration  between  convoy  end  uttackor,  and 
eacott  and  ntteokeru,  arn  introduced,  To  focuu  on  thono  npcod  ratiou  and  tha 
effect! vunouit  of  incroaning  thorn,  tho  potential'  outcome  of  nttnckii  in  Ignored 
and  only  t.hn  probability  of  occurrence  ia  addroMiiod.  ilimllnrly,  mtero-taotieu 
aro  not  connidored. 

1 , i .'J'1' 

Cano  1.  Convoy  npeod  oroaler  Than  Attacker  Bpood 

for  tbo  cane  ill'  convoy  opoed  ipentor  than  attacker  ripend,  the  crnivoy  em- 
ploye! n pood  eoiit.1  niiounly  to  reduce  the  J m.t  ant. Ultimo  throat  hum  train  whlcti  It 
could  bo  throat o nod . 

Where  the  convoy  tinttii  1 1 n own  npeod  adv.int.u<|e,  the  i cm  Inn  of  liitorout  In 
the  convoy  to  attacker  upend  tat  to,  an  noon  In  Meet  ton  iV,  J n between  I . !i  and 
3,  If  the  i"  itur  threat  to  eonvoyii  in  t lie  fulu  t-  will  be  attack  r.uibmar  limn  and 
Mur  face  Iihipn,  tho  maximum  npeod  eT  the  threat  will  lie  between  about  30-40 
K no  III , Tltlii  placori  convoy  npeod  roijul  reim:iit  it  In  the  ram  pi  o(  dfi-K’O  kniilii. 

If  the  major  threat  will  be  airrr.ift,  then  1 iicrcancil  convoy  upend  In  not  very 
uaoful  , except  to  reduce  the  ntnijle  gllinpne  prob.ihl  I It  y of  detection  an  din- 
CUMhed  in  fiuhuect  ten  I’  ot  tliln  Bei  t Inn, 
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As  Is  shown  in  flection  IV  (Convoy  Operations) , the  throat  urea  con  be  re- 
duced by  maintaining  a upend  advantage  or  about  1.5  to  3 over  the  ottookeri 
however,  the  attnol  or  can  cumponunfce  for  the  speed  deficiency  by  increasing 
his  detection  and  weapon  ranges  ■ for  Inntanco,  on  attacker  wJtli  liM  t tho  apoed 
of  the  convoy  can  quadruple  the  throat  area  age  I not.  the  coivoy  by  using  ft  weapon 
with  n range  equal  to  his  detection  range,  tui  utiown  in  figure  1V-3. 

It  should  bo  noted  that  the  convoy  throat  urea  represents  an  urea  of  poton- 
tial  threat  to  the  convoy i this  area  esiatu  whether  or  not  the  convoy  has  know- 
ledge of  an  att.nckot'n  prononce  in  the  area , If  the  convoy  Is  aware  of  the 
ftttnckor'a  prunenen  through  Intel  1 Igonco  or  by  employing  counter  dotoction, 
the  higher  the  convoy- to-attaekor  npeed  ratio,  tho  iroro  likely  the  convoy  could 
suecoHufully  evade  the  attacker. 

One  IT,  attacker  Speed  ntonl  r.t  than  Oranicy  gpn  >d 

In  (he  preceding  cane,  I lie  convoy  had  a apecd  advantage  over  the  potential 
nttflcker.  Thin  tnoy  he  a reollntlc  nnnumpl  Ion  If  one  regard!)  convoyn  and 
threaln  to  convoyn  in  the  traditional  nonne,  l,e.,  nuhiiuir  Incn  armed  with 
torpedoen  vermin  convoy  ahtpn.  In  the  modern  nn”|  roninent  thin  nm^impl:  loti 
may  not  bn  very  real  ini  1c  since  the  threats  to  future  convoyn  may  bo  high- 
apcod  mihmnvlneri  armed  with  crulae  initiation  and  long-range  aircraft  with 
stand-off  ml  mil  lea, 

In  a practical  nonne,  when  thu  convoy  haa  a long  dint. -nice  to  irjvel  to  itn 
dent  Inal  Ion  and  the  al  I acker  haa  the  npeed  advantage,  the  attacker  having  dntoirtod 
the  convoy  a eventually  overtake  It.  further,  with  external  naive  111  mice  and 
targeting,  the  attacker  armed  with  long-range  mlnnllea  can  attack  the  convoy 
from  some  dial  mien  mil  era. 
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In  thin  case  speed  alone  may  bo  of  limited  vtility  to  tho  convoy,  and  the 
offeetlvenons  of  oacortn  ns  n function  of  their  speed  must  bo  considered. 

Cano  HI*  Escort  Speed  Requirements 

t 

In  order  to  counter  the  threat  from  n high-apBed  attacker,  the  convoy 
must  improve  its  counter  detection  nnd  counterattack  capability  through  the 
use  of  oneortsi 

There  are  two  important  micort.  speed  ratios i encort- to-ot.tuekor  spend 
ratio  and  euieort. -l.o -convoy  speed  ratio,  Tho  first  ratio  is  ruquirnd  to  Insure 
timely  closing  and  counterattacking  the  throat r the  second  In  required  to 
maintain  the  cncort’n  own  detection  capability  over  tho  assigned  area  relative 
to  tho  convoy. 

To  be  effective,  tho  first  speed  requirement  that  on  escort  must  fulfill 
is  to  possess  a spoon  capability  greater  than  thu  convoy.  Thus,  convoy  npeod 
roqu) remontu  nuch  as  t.hoiio  in  Cose  t (<15-120  knots)  Imply  escort  speeds  of  about 
50-l!i0  knots.  Conttnuoun  acoustic  search  would  he  Ineffect  Ivo  at  such  speeds. 
Bprlnt-drlft  In.'l  in.  are  i (spitted  If  the  enrol  t in  to  provide  protecl  Ion  to  l ho 
convoy  against  submarine  tin  eats  by  employing  acoustic  search. 

The  general  spr I nt -dr  1 f t nearch  tactic  is  defined  and  discussed  Is  the  fol- 
lowing subnet.!  ion  cm  search  (pages  11-19  through  21).  Sprint-drift  acoustic: 
search  by  a convoy  escort  in  a special  cane  in  that  each  escort*  must  cover  nn 
unsigned  rieetrir  (relative  to  tho  convoy)  and  do  no  at  mi  overall  speed  at  least 
equal  to  that  of  the  convoy.  The  detection  range  while  drlnlng',  the  drift  time 

*Bco  pages  IV-  2<1  through  2fi  lor  a d I nrsi.ii  I nn  of  "leap-frogging"  spi'i  ut-drl  ft 
munch  by  a pair  of  escort  n ami  thn  implied  t rude-off  between  foicc  level  rr— 
quirntimrilu  and  velitclo  capahi  1 I t ies. 
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required  to  comploto  a anarch,  and  the  sprint  npoed  and  diotanoo  botwoon  uonrehos 
combine  to  (ulCili  thin  requirement.  The  anarch  subnoction  introduces  tho  con- 
cept of  ‘'virtual  npoetd"  which  fucilitotoo  the  anolyiiin  of  tho  effectB  of  nprint 
npoed  on  overall  anarch  capability,  . 

For  the  conn  whoro  oacort  npood  ia  greater  than  convoy  speed  but  Iona  than 
tho  attueker  speed,  tho  number  of  oncortu  required  can  be  reduced  hy  inoreaoing 
tho  weapon  range  of  tho  oacort.,  n»  shown  in  Table  TI-6. 

Table  11-6,  Rncort  Kegui remont-n  an  a Function 
of  Brood  and  Weapon  Hun'gn 


Attack nr  . . 

KBco5rr‘ BtH,od  nativ 

Kncort.  Weapon  Range/ 
Do t eo t lun  til  1 1. 1 nee 

Number  of  Dncortn 

1 

.as 

5.2 

.50 

2.0 

a 

.25 

6.9 

. 

.50 

1.6 

3 

.25 

7.0 

.50 

3.0 

Caau  IV.  1 ndepondont  Bal  1 iinj 

Tbo  preceding  diucunntomt  on  convoy-  to- attacker  and  escort- to-atlocker 
opood  requirement n open  the  quest  inn  of  Independent  tmilinqri  voruuo  convoys. 

There  nrn  curtuin  condltiotin  under  which  one  or  i he  other  may  bo  n logical  choice. 

Independent,  nailing  may  be  the  proper  choice,  if  tho  pipeline  It  composted 
of  liJqli-fipeed  fillip;.!  and  the  attackd  ' ti  capahl  1 1 1 lea  arc  limited  illicit  that  tiilu 
spued  call  produce  rmull  and  narrow  throat  a roan.  If  ttuch  "oonvo^"  upends 
ore  a)  no  enneiit  lal  ly  beyond  the  npoeil  capability  of  effective  oetcnrt,  itulepon- 
dent  nailing  iri  a clear  choice.  IT,  however,  the  enemy  threat  (uutvel  l lance  and 
weapon  ranged)  In  relatively  innctinit.l ve  to  convoy  upend,  mid  ertcortn  can  pro- 
vide effective  protection,  convoying  may  he  the  propel  choice. 
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D.  BGAUCIt 


In  investigating  tho  utility  of  speed  and  optimum  upend  ranged  for 
conducting  aaountlu  anarch  by  a single  unaided  noarcheri  two  cocos  aro 
examined i 

0 Barrier  Search 
0 Open  Area  Board: 

Bmphnain  in  on  fuiountio  uonroh  for  enemy  nubmarinon.  in  thin  enno  there 
ere  optimum  anarch  upends  hucouoo  tlio  increased  upend  lncronaen  tho  length  of 
the  area  searched  por  unit  time,  but  incroaaing  npnod  roducon  tho  detection 
range  (which  dotormlnoo  tho  width  of  tho  area  nonrehod) . for  other  typen  of 
eennoru  and  t&ryutu,  dotoction  ranges  tend  to  be  insensitive _ to  search  vehicle 
•peadHi  search  rated  i there  fora  ■ increase  linearly  with  upend. 

In  both  Uio  hairier  and  open  area  casus.  throe  search  modes  wore  invooti- 
gatod  t 

0 Continuoun  Search 
0 Sprint -Drift  So  nr  eh 
• PXylny-brift  Search 


1.  5«rrLt^_fi«iorcli 

'I'lui  barrier  cane  roprouonlu  n vell-duHned  area  lo  )ju  nonrehod  with  tho 
expectation  that  a target  (In  iliin  cm.u , an  onuiny  uuhmnvine)  may  nttumpl.  to 
travel  t.luoinjli  tho  barrier. 

Cent  iiiuuu‘1  acountic  uanrcli  wan  invcv.l  I (jali'd  for  ui'mim  nyutoma  exploit  lay 
two  typiui  of  lur  ■jut  i liaract  i-i  Ini  lei.  i 
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• fictlvo  sonar  search  or  pannivo  noarch  utilising  narrow  hand 
detention  of  « non-propuloion-relatod  nolno  source,  In  thin 
nano,  da  tact  ion  rango  iu  independent  of  target;  upend.  (The 
effect  of  target  nopout  wan  not  considered, ) 
e Broad  band  positive  dotoctidn  of  propultslon-rolatnd  noiso. 

In  thin  case,  detection  range  in  target  spend  dapandont. 

In  either  oano  uii  optimum  range  of  naarahor  spued u euh  bo  oxpoctod,  This 
optimum  is  .primarily  duo  to  tlio  degradation  of  acoustic  nennor  capability  with 
the  speed  of  thu  anarch  vohiolo  (i.o.,  the  benefit  derived  from  inoruaned  spaed 
in  thu  form  of  increased  swoop  npond  in  offset  by  thn  degradation  of  nonnor  capa- 
bility with  increasing  flow  noloo) , It  haw  boon  obaervod  by  other  invostigatorn* 
that  the  oonuot  capability  iu  degraded  to  30%  of  its  maximum  value  at  a speed  of 
ID  hnotn,  n result  consistent.  with  thin  analynis.  Hence,  continuous  acoustic 

search  in  a barrier  in  limited  to  search  upends  below  the  npood  capability  of 

* 

prenrmt  niivnl  vchiclcn  niul  higher  npood  capability  would  bo  of  quest ionublo 
benefit  in  thin  vehicle  function. 

In  order  to  utiliiso  the  speed  capabilities  o 1 iiigh  speed  vehicles  In  aonuntic: 
nr  a roll , either  nprint -drift  or  flying-drift  tactics  must  be  employed.  Bprint- 
dr  1 ft-,  in  the  tactic  of  a submarine,  surface  or  near  surface  ship  sprinting  wlti  its 
not:  soar citing,  then  near  idling  while  at.  xnro  speed,  then  sprinting  again.  F lying - 
drift  in  ttin  tactic  oT  aircraft  capable  of  hovering  (air  loiter)  or  sitting 
on  the  wntei  (sen  loiter)  during  t lie  listening  period.  Tin*  aircraft  employs 
cikliuiit  la)  1 y tile  name  basic  lactic  nr  nprint  -drt  ft , i.e.,  flying  while  not. 
searching,  tlipn  search) ng  wlitle  he-ering  cn.  silting,  then  flying  again.  It 
differs  fusil  nprint-di  I It  in  that  additional  time  is  required  to  deploy  and 

* lilac);  I .ace , Vol  . 1 Harrier  Patrol,  iteperl  TlMt'.Z,  Went  land  Aircraft,  Uii.,  Pant 
Cciweii,)',  1 e of  Wight,  November  I'Jtil. 
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retriovo  tho  nenoor.  Ilonce,  the  benefit  derived  I'rom  higher  flying  upcefl  in 
offiiet  by  tho  Additional  dead  tinio  during  tho  drift  period.  Using  thiu  uonrch 
tactic,  no  oloar-eut  optimum  npood  wtorgeu , aineo  pnrnmoturn  othur  than  npood, 
■uoh  nn  dntaotiem  range  and  drift  Hma,  impact  on  tho  ef focttvonoBM  of  uonrch. 

A "virtual  npood"  con  bo  dofinod  (whlah  othoro  huvo  referred  to  no  a "8unrch 
offiniency  ratio"  or  "uanrch  efficiency  parnmatur") , i.u,,  the  drift  detection 
range  dividod  by  tho  drift,  time.  Note  that  tho  virtual  spaed  lndood  haci  the 
unit  of  npocid.  The  equation 

-JL  m ._i_.  + -A_. 

V’  9 Vv 

le  oani.ly  dorivod  from  equation  C-B  in  tho  Appendix,  whom  V iu  the  overall 
•peed  of  advance  of  the  muirohor,  V is  the  sprint  npood.  and  Vv  iu  tho  virtual 
speed,  i,o.|  d&tncHon  range  while  drift  inn  divided  by  required  drift  lime  to 
complete. a uonrch.  It.  in  uoon  that  even  if  V.  the  npr.tnt.  npoed,  increases  be- 
yond all  boundn,  ihn  npood  of  ndvnnoo  cannot  exceed  tho  vi r t 1 spued  (artuuMcri 
unarclicr  sprints  u distance  equal  to  bln  deduct.  1cm  rnuijc)  . 'this  resul  ts  from 
tho  fact  that  the  nenreher  in  only  cffcrMlvo  for  nonrchi nq  during  the  drift 
time. 

for  low  values  of  virtual  npm;d,  l,n.,  in  the  order  of  lli-Ifi  knots,  sprint- 
ing  nt  hicjli  npood  would  bo  a wasteful  lactic,  iilnoo  «sy  rqirlnl  speed  greater 
than  about  40- SO  knot  i cost  r Unit  ns  very  little  ts  tlie  advance.  When  the  virtu- 
al npeed  bus  It  value  oi  HO  or  groaler,  then  uprlnt  iinj  at.  high  speed  becomos  a 
mom  ntlrnrtivu  lactic, 

booking  at  the  problem  in  n different  way,  If  a deni  roil  speed  of  advance 
in  specified  for  ft  given  virtual  speed,  then  the  required  nju  1st  upend  can  bo 
calculated,  l-’or  instance,  if  the  specified  opera'.  Urn  In  to  oaeorl  a task  force 
ftl  40  knots,  then  I lie  required  rc.lul  lunshlps  are  given  in  Table  JI-7, 
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Table  II-7.  Example  of  Required  sprint.  Speeds  and 
Virtual  Spcodu  to  Rseort  (Convoy  Speed  « 40  Knots) 


Vi  rtual  Fljneerl 
'’(knots) 

ItariuJ  rod  Spr  int  Spnml 
(Knotn) 

04 

76.4 

107 

53.0 

350 

47.6 

Not  a that,  increasing  tho  virtual  npoad  allows  for  sprinting  nt  Blower  npnod 
whila  still  maintaining  tho  doairod  iipcad  of  advance. 

Flying-drift  uonroh  displays  similar  characteristics)  however,  if  the  noarch 
sensor  io  a towed  array  additional  time  will  bo  required  to  deploy  and  retriovo 
the  array.  This  Iv.im  tho  effoot  of  inoraatiing  the  total  drift  timu  and  doernau- 
ing  tho  virtual  spend  and  thus  the  speed  o.f  advance!  of  tho  uoaroheir.  For  oxamplr, 
fnr  n <mi-f ..r.r,  wuh^'lc  the  nvm.inr.l  drift  titr.a  is  approx ir.u. to ly  0.3  hours,  and  for 
an  air  vehicle  It  in  about  1.5  houru.  If  tho  detection  range  in  both  canon  in 
equal,  perhaps  15  nm,  then  the  virtual  speed  of  the  surface  vehicle  In  50  knots 
and  for  Urn  flying  vehicle  it.  in  10  knots. 

Again  we  see  the  necessity,  In  choosing  speeds  for  wnal  vehicle  designs, 
to  halunco  speed  with  oilier  factors.  An  can  bo  neon  from  the  above  table, 
doubling  the  EM  knot  virtual  speed  by  ocmbinal lonn  of  Improved  detection  ranges 
and  reduced  drift  time,  redueau  the  sprint  speed  required  From  7 ft  to  «il,  main- 
taining the  name  speed  of  advance. 

Cose  IT.  Open  Area  Elearch 

Tile  open  area  search  represents  a random  encounter  with  no  print  expecta- 
tion on  tho  prosonce  or  absence  of  t/  target..  In  open  area  anarch  the  expoetod 
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numbor  of  encountdrn  varies  with  thn  density  of  targets.  Tho  density  of 
targotn,  in  thii)  nnalynls,  varies  with  their  distance  from  port,  in  accordance; 
with  the  base  loriH  factor  concept:  introduced  in  thn  transit  unction  (i,©,,  as 
tho  dtatanco  from  port  increases,  thn  total  area  in  which  the  targets  can 
operate  also  increases)  honcra,  for  a given  forco  level,  the  targol  domilty 
will  docroaou) . 

Tho  conclusions  from  the  barrier  cuise  using  paseivo  search  nro  appllnnhie 
to  open  area  search.  llowovor,  active  sonar  in  not.  very  useful  in  open  nren 
search  since  the  target  iu  not.  constrained.  t.o  crons  a burrinr.  Since  the  target 
would  pasnivcly  countordct.net  tho  searcher  beyond  the  soarchcir ’ r.  capability  to 
detect,  a high  spued  submarine  could  always  evade  the  searcher. 

for  sprint-drift  or  flying-drift  search  tho  number  of  encounters  per  hour  » 
imroaneti  with  tho  Virtual  upend  and  target  dens; i.Ly. 

Foe  .moth  the  barrier  and  open  area  Hontch  the  optimum  cont  inuous  nearcli 
spend  is  in  the  It  npeed  range  (10-20  knots)  and  higher  search  spend  results 
in  reduced  effectiveness  for  each  soul  idling  platform.  However,  vehicles  ill 
this  lower  spued  range  are  typically  long  endurance  vehicles  and  are  capable 
of  unstained  operations. 

Thun,  in  the  case  of  acoustic  search  for  suhm.ir t lies , Increased  Vehicle 
npeed  (;.  id  tlie  implied  advanced  vehicles}  may  improve  search  effect  Ivenenu, 
but  other  improvements  such  as  reduction  or  elimination  of  drift  t.  Line  and 
increased  endurance  would  be  necessary  in  order  to  fully  realise  these  bene- 


fits. 


PUltSUIT 


Tho  elaunic  problom  of  purault  iu  in  some  form  a function  common  to  nil 
forma  of  warfare.  Any  deployed  naval  vehicle  it  a potc,  ' ini  participant  in 
ona  role  or  the  other  in  pursuit. 

Whurnvor  n vehicle  hat  timely  notice  of  the  location  of  a pursuer  nnd  in 
free  to  maneuver,  it  onn  create  a situation  wherein  the  pureuor  requires  a 
gpood  advantage  for  success.  The  greater  thio  speed  advantage,  tho  earlier 
capture  occurs  and  the  shorter  distanco  the  puruuoo  travels  before  capture. 
Thun,  there  in  a clear  oauo  for  increased  speed  in  the  pursuit  function. 

There  are  two  basic  tactics  available  to  tho  puruuort 
, 1.  Tho  pursuit  curve,  who rain  the  pursuer  continuously  heads  directly 
for  the  target  nnd  continuously  alters  course  to  do  so. 

?.  The  "rtcady  bearing"  tactic,  wherein  the  pursuer  calculates  a future 
intercept  point  nnd  bends  for  this  point  at  tho  iipeort  nnconnary  for  un  inter- 


cept. 

The  pursuit,  curve  rouultimj  from  Llie  first  tactic  <i lw.iys)  results  in  a 
stern  el  a no . 

Tliere  are  a liyi  lad  of  modified  pursuit  paths  gone  rated  by  specifics  of 
other  oarnmntsrs.  One  mich  is  the  cane  where  tho  pursuer  has  a iiigh  upoed 
weapon  and  "capture"  occurs  when  lie  reaches  weapon  launch  range.  lie  then  may 
modify  bin  path  in  either  follow  a pursuit  curve  to  the  nearest  point  from 
Which  ho  could  launch  liir.  weapon  or  take  a steady  course  (lead  angle)  which 
minimizes  the  distance  In  a weapon  launch  point. 

An  iinpo’  Unit,  case  in  one  where  the  pursuer  lacks  cont  inuous  information  on 
target-  location.  In  thin  case,  lie  pursues  n datum  and  attempts  to  trap  t.ha  tar- 
get within  the  path  which  Ills  sensor  sweeps  through  this  datum. 
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In  all  canon!  there  in  n clear  inernnso  in  utility  with  incrimuen  in.npood 
ration.  Again,  howovor,  thnra  nra  trado-offo  with  oi.hor  parambtotn,  tiunh  ns 
detection  rnngen,  frequency  of  up-dnte,  wenpon  npoodn,  and  weapon  range.  Theme 
aro  diueunocd  in  some  detail  in  Section  Vt. 

Important  observation);  from  thin  nnalyaiu  include  the  following! 

1.  Puroucr-to-purnueo  upend  ratios  of  lonti  than  about.  1.5  can  runult  in 
vetry  long  tail  chauoa.  However,  speed  ratios  above  about  3il  produce  very  nmnll 
incremental  galnh.  Table  II»8  nummaristos  the  inforenonii  of  thn  above  for  naval 
vehicles  in  potential  pursuit  nonnariou.  .Note  that  the  upend  of  the  purnunr 
indienten  the  appropriate  typo  of  pursuit  Vehicle.  Thun , pursuit  of  alerted 
high  spued  submarineo  by  diaplacomanl  ships  will  not  bo  very  effective  oven 
if  thu  problem  of  ncountic  Benaor  degradation  con  be  overcome. 


Tabic  II  C.  Appropriate  Pursuit  Vehicles 
Kor  r.ivon  l'urauue  Rpuoct  Uangon 


(when  pursuit  culminate!)  in  attack)  in  ol  internal-  fmm  tun  points  of  view.  Tltci 
fi  l.nt  is  that  long  wenpon  ranger;  can  make  purnuli  elli-cllve  at  vmy  low  upend 
advantages.  Tho  uttcor.cl  in  that  an  tin-  time  available  for  capture  (a it. ink)  bo- 
notneit  short,  the  1 1 ado  off  Jmginn  to  favor  greater  weapon  ramie  rather  than  in- 
creiilmcl  npeed. 


11-25 


The  analyiia,  in  section  VI  addroHoos  a cnoo  wherein  initial  Reparation  is 
200  nm  and  She  puruuoc's  maximum  npoetd  in  25  knots.  Table  11-9  indicator!  ronultn 
for  two  capture  times  <0  bourn  and  2 hourn) . 


Tablo  II-O.  Illustrative)  Pursuer 
Bpuod-Woapen  Trudo-Offn 


(Initial  Separation  » 200  nm,  pursuoe  spend  <•  25  knots) 


Maximum  Pursuit 
Epood  (kta) 

Required  Weapon  Range  (nm)  To  Attack  In: 
8 Hours  2 Hours 

25 

80  . 

1.60 

.3!* 

0 

135 

50 

110 

75 

-- 

55 

100 

0 

In  the  narniiacti  vo  of  advanced  naval  Vehicle  development . inernaond  npn,.d 
lncrcanen  ofloct.i .Vinner.  in  the  pursuit  minnion.  Howovor,  there  are  clour  trade 
of  is  with  other  vehicle  paramo  tern,  depending  on  the  ultimate  purpose  of  the 
pursuit,  the  capability  of  the  pur  mice,  and  the  initial  geometry  of  the  problem. 
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V, 


ATTACK  AND  COtINTCUATTACK 


Attack  in  tlio  rnuult  of  a tintpuineo  of  evontn  beginning  with  detection  of 

on  cnomy  target.  Bovornl  of  tho  vulticlo  functions,  which  formed  tho  focus  of  thin 

study,  nro  involved  in  this  Hcquonoo , and  thus,  nro  rat a tod  to  attack.  At  tuck 

also  includes  th"  vtna  of  weapons  and,  thovoforo,  weapon  ranges  of  hath  parties, 

tho  attacker  and  t a ryot  (01  eounturattaekor)  mu  at  ho  connJdorod.  Preparation 

fot  target  onenpo  in  tho  form  of  counterattack  hecjlnn  whon  thu  turgot  iu  ini“ 

tially  alerted  to  an  approaching  attacker,  The  actual  counterattack  weapon  in 

* 

launched  whon  the  distance  botwoun  platforms  is  reduced  to  the  initial  targot's 

l - 

weajxrn  range. 

There  arc  four  important  variables  for  each  platform  (target  arid  attacker) 
which  impact  on  the  outcome  of  attack  and  counterattack.  Of  eourno,  speed  of 
cault  platform  .In  the  primary  one  under  consideration.  Too  others  are,  for 
each  platform,  surveillance  range  (includes  oxtirru)  sc.  .uxom)  weapon  range  and 
weapon  response  time  (measured  from  dot  not  Ion  to  weapon  launch).  Rovsral  caneii, 
them,  arc  relevant  . 

Cane  1.  Attacker  surveillance  r.unjo  and  weapon  range  arc  both  greater  than 
the  target'll  nut  vei  1 1 ante  range.  Once  the  (ill  at '.et  coni  n't  n the  target,  speed 
is  irrelevant.  The  outcome  in  simple . tilvon  do  tool  Ion,  the  attacker  can  always 
attack  tho  target.  ' The  target  never  linn  the  opportunity  to  cininter.it  I ark  or  evade. 

Cniio  It  At. :«  -ker  weapon  range  t n lens  than  the  target  weapon  range,  and 
add  til  on,.  1 ly , 

(1)  C'.me  1 T — 1 . The  target,  serve  1 1 1 .nice  range  lien  between  the  at  t act  c r 1 n 
nurvcii  1 1 mien  range  nml  at  I acker1  ;i  weapon  range.  in  this  erne  when  the  a t tucker ' ii 
upend  ill  greater  than  the  target,  speed,  tho  mil  crime  depends  tin  the  target' h re- 
iipuinie  time. 
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Tho  engagement  connlstn  of  tho  Attacker  dot-net  Ing  (or  rocoiving  knowledge 
of)  tho  target  nnd  cloning  tho  range  to  tho  target)  but  tho  targut  conn  tor  detootu 
tho  nttackor  before  the  Attacker  is  In  a poult  ion  to  launch  bin  weapon,  The  tar- 
get than  turnn  nwny  from  tho  attnekor  nntl  preparon  to  counterattack!  an  operation 
which  tnkou  noma  time,  In  tho  maantimo  tho  attnekor  continues  to  clono  tho.dia- 
tanoa  until  it  roachen  weapon  range,  for  ulmplicity  of  doncription#  waapoti 
flight  tiinun  aro  aonttldorod  to  bo  aero. 

When  tho  diofcnitco-npeod  ralutinna  oro  ftueh  that  tho  time  to  clone  this 
distance  in  loan  than  tho  target,  ronponne  time,  tho  ntlaekor  always  attacks 
and  tho  target  doe n not. 

Whon  tho  time  to  clone  in  equal  to  the  target  ronponno  time,  tho  attnekor 
may  choono  to  break  off  tho  attack,  in  which  cant-  tho  target  novnr  hnn  tho  op- 
portunity to  do  oo  (t.o.,  not tho r attackn)  or  tlm  attacker  attackw  and  tho  tar- 
get ulito  attack)-.. 

l,ant.ly,  when  tho  t inn?  in  greater  than  tho  largot  ronponno  time,  tlio  nttackor 
should  brook  off  hin  "attack")  otherwlne,  tho  tnrgnl  may  choono  to  counterattack 
or  it  may  break  off  the  attack. 

Hxnmplcn  of  required  nttackor  upccd  advanlagoii  (to  clone  and  make  the 
flint  weapon  launch)  for  thin  cane  aro  indicated  in  Tabic  11  — 10.  (Ileo  following 
page.)  Not  r that  lncreanod  attnekor  weapon  ranao  In  an  a It  onint  Ivo  to 
inere.inod  attnt.-ker  igioocl  and  may  bo  preferred  I'm  mime  of  the-  combi nat  Iona 
indicated, 
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Tallin  11-10.  Roquircid  Attnekor  Speed  AtlvnnlnyoD  l,,oi‘ 
Nominal  Tfircict  Wnnnrin  Knnimnuc  'I'lmoa  (Cano  1 T - 1 ) 


Difference!  ltu twoun  Target  Ikiteciion  Range 

Kcoulrad  Attacker  flpcort  Advantage  | 

ihkI  Attacker  Weapon  lunge  (inn) 

(Knot.  A) 

Target 
!i  Min 

t'Joapon  Uonponne  Timo 
10  Min 

20 

240 

120 

10 

120 

60 

5 

60 

30 

1 

12 

6 

(2)  Case  IT- 2,  Tito  tnrgnt  upoarl  in  a -on tor  than  t.hu  ntt.acknr  Hpefiil,  In 
thin  cn no , tho  attnekor  dotoctn  a mi , nn  be for a ( tho  target  count  or  flotootn  be- 
fore the  attacker  reaction  ltu  weftpori  range.  At  thiii  point  t ho  target-  etui  turn 
•wav  and  onnn  or  nuitnlain  ranger  tn  a "Mexican  nutnd-of f"  or  tho  turgor  might 
ehootie  to  nllc,-'  the  i onge  to  el'mio  further  (oven  ho)  ping  it)  and  ont|ago  Uic 
at t acker. 

Oiiii1  111.  Thi'  ill  I nckoi ' ii  inn  voi  UiiiKo  lanye  run)  weapon  tango  arc  each 
greater  Unit  the  t.iMjcl'ii  onrrcnjioiiil  i n | put  ontei  ci  »,  mid  tie  target  niirvel  1 lance 
range  ill  greater  Umii  tile  ill  I .acker 1 u weapon  ramie.  If  l tie  al  l acker  ' n ii|ioo<)  in 
alao  greater  than  the  target  npeod,  t ho  attacker  alwayr:  attaekn  anil  l In;  laryel 
novor  linn  tin;  opportunity  to  count  orarwie); . If,  l.uitly,  the  t argot  ’ n fipeoil  in 
greater  than  ntUickcl'n  npeecl,  I lie  turgid  will  |.rot.al.|y  cl„,onc  tn  avoid  engage- 
inont, 

In  any  cd  l ho  utmvi-  canon,  wte.ni  mi"  playei  h.n.  the  opt  Inn  m engage  the 
Ollier  and,  by  mi  lining,  allow  a count  .a  .it  I I. , il  will  dim  me  In  do  no  on  the 
b.i  n i o td  far  tun,  other  than  t hone  cuiv.i  d-n  ml  heietn  (e.g..  lelaitve  worth  of 
till'  two  foieen). 
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Thn  details  of  the  flbov  > ensoa  aro  contained  in  .'iooVi.cn  VII.  Alio  conoid- 
«rod  therein  in  the  more  complicated  onuo  wlmreln  thn  target  in  cneortod. 

In  Hummnry,  nttacV  and  counterattack  uro  functions  cloualy  related  to  the 
other  functions  studied.  Thora  aro  many  situations  where  a upend  advantage  can 
influence  the  outcome  of  n ttackar-eountorattaclc  nconnrinn.  Other  paramotoro 
ourh  nu  wonponn  end  mirvoil  lancn  uyutemu  arc  equally  important . however,  and 
Vahids  detiiyn  docinionu  u hull  Id  he  made  considering  the  bnlanco  and  matching 
required  •among  npeod  and  the  other  important  paramotorn. 


c. 


MANHItVHIt  AND  AVOIOAIICK 


Mnnottvor  iti  a vac  tic  employed  by  a naval  vohicln  which  is  dt-nignod 
to  Alter  favorably  tho  potential  eutcomo  of  any  otfenuivo  or  do tensive 
engagement.  In  general , mnnnuvern  relat  e to  the  other  vehicle  functions 
Addressed  In  tho  study.  Offonsivo  and  defensive  manonvorn  are  considered. 
Offensive;  manauvarn  are  thnnn  taction  which  tttrivti  to  increase;  tho  probability 
of  iiuuconDful  attach  oit.hat  by  confining  tho  enemy  or  by  achieving  a favorable 
launch  position)  defensive  maneuvers  attempt  to  achieve  anenpo  by  avoiding 

I 

Attack  or  reducing  the  effect! vonesn  of  enemy  weapon!), 

in  the  purmiit  (motion,  the  annlyitin  of  thn  cmio  wherein  the  purmmr  h)nl 
continuous  information  on  tho  pumtna'n  location  findn  that  the  pursuon  can  ac- 
complish little  by  maneuver  unless  ho  has  a speed  advantage,  if  the  purnuno  also 
has  informstinn  on  the  purnuor'u  location,  he  can  cither  prepare  for  attack 
Or  Atlompl  If  onrapo.  T’1-  pm-eii-,. ' - ye  J 1 •,*.*.  a.tlti  >1  |"IH  I.npn- 

bility  dot  ermi  nr;  the  purnuno'ri  action)!.  When  the  ptumtor  hail  *1  lit  orml  1 1 ent 
informal  Ion  and  the  piil'iiuoe  han  at  le.mt  I lit  el  ml  l tent  I nf  <x  m it  inn,  I lie  purnuor* 
can,  even  with  inferior  npoeil,  lii.minn/nr  In  Incie.in,  the  ptu  :.in>)  ' « area  nf 
uncertainty  during  the  period  <if  "blind"  pursuit,  brooking  off  the  pursaiit  , 
or  gaining  limn  for  event  uni  eucnpn.  Ot  courne,  if  the  penmen  halt  a detection 
range  on  the  purinier  greater  than  the  purnuor'si  won pen  range  and  an  ogtt.il  or 
greater  speed,  limn  the  puruuoo  can  always  avoid  attack.  The  comp)  el  u net 
of  cane  li  Is  di  liciluncil  in  l.lie  Moot  ion  on  count  e i el  t nek , which  nine*  taken  into 
consideration  weapon  range. 

Tho  maneuver  nt  a tran'.ltm  thiough  an  area  can  be  nperd  digiendont  . 

In  it  harrier  iramitt,  wherein  the  area  nunnert,  are  randomly  dinp.'ined  l.litonghinjl 
the  area,  t lie  t.  rannilur  can  reduce  the  probability  of  detect  Inn  iilmply  by 
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(1)  taking  a minimum  length  path,  d,  through  V.hn  nroa,  m'd  (?)  choonlng  « npood, 
V,  which  ml  ill  ml  nett  n function, 

PtVl’d 

V 

where  Q(V)  iu  the  detection  rnnynof  the  urea  nunnor,  Incronniiig  with 
incroaning  V.  'I'huH,  it.  In  important  to  the  trannitor  to  know  how  the  enemy 
area  nonnar  dependu  on  bin  own  upend. 

t 

There  in  n claim  of  e.tnen  wherein  an  enemy  dot.not.ion  pyutem  dependu  on 
i periodic  '"yllmpsnn"  to  dutcut  n moving  naval  vehicle.  If  the  oyotom  hofl 

a near  unity  probability  of  detection  per  glimpite,  the  vehicle  npeod  lino 
little  effect  on  whether  lie  iu  detected  or  not.  Tor  example,  n Hfltnllito 
| iionHor  with  n largo  field  of  view,  high  rono.Uit.ion  and  unaffected  by  cloud 

5.  coverage  might  be  ouch  a nyuUtni.  However,  for  nytiicinu  with  a single  glimpae 

probability  of  lotto  than  one,  the  lour,  time  that  the  vehicle  upoiiJn  lit  Lhu  hui- 
Veil  lahcc<  area,  the  anvil  lor  hi ri  probability  oi  dv'.ecl  ion.  Vnhiclo  speed  can, 
there  fore,  Ik?  ext  mutely  lm)>ni  t tint  In  thin  cam*  to  rciluco  total  expoRurc  time. 

In  the  motion  on  aft  nclt,  the  c nymicncnl  wan  ci.itriidored  eomi'lotod  whim 
one  of  the  conil,.it.intn  launched  the  fJmt  weapon.  Tie*  re  rental  tin  to  connldcr 
manntivpt'H  to  educe  tlio  probability  of  a tiuceuniiful  weapon  at  tack  after  «n 
onamy  ban  innnohed  Itiit  we.ijion.  Par  example,  if  the  "lied  nirle"  ban  auparlor 
detection  capability  ami  higher  upood  than  lllue,  but  blue  ban  n greater 
weapon  rani)e.  Hid  It.-M  the  option  t.o  engage  or  i it  engage,  but  ho  nnmt.  con- 
cern himneir  with  IiIuu'b  nldllty  to  fire  firut.  Rod  muut  balance  the  worth 
• Of  hi  a own  vehicle  and  that  of  llltto  and  the  probability  of  nurvival  of 

each  ribl”.  Ha  Id  til  I fi'i  viit  ly,  Red  meet  determine  whether  hln  expected  tetuirt 
it1  greater  than  hln  expect  od  loan.  It.  fihould  be  entphatil  Kml  that  it  til  Hod's 
miporloi  Fipi'ed  nml  great  er  detection  range  Hint  j in. idea  him  the  choice  of 
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engaging  or  not.  Dluo,  evnn  with  a taiporlor  weapon  tango  but  lhfurior  npaod 

I 

capability,  hau  no  ouch  option. 

furthermore,  with  nuporior  apaod,  Mod  might;  bo  able  t.o  dart  aorotin 
DXuc'n  wonpon  p.ith,  getting  inside  of  blurt* u we.ipon'n  turning  circle  (but 
outside  of  ite  weapon ' u effect  radiuu) . Thu  no  Are  noma  of  the  traditional 
argument  a for  nuporior  npood . 

Generally,  avoidance  will  require  oitlicu  a greater  spend  capability 
or  increuned  countnr  dot not ton  capability.  If  the  opponing  platform  in 
a nubmarinn  armed  with  conventional  toipedoon,  then,  depending  on  tho  speed 
and  angle  on  tho  bow  (target  angle)!  tho  target  may  bo  able  to  outrun  tha 
torpodu. 

Keaoanablo  projocitnd  speeds  for  torpodanii  He  in  tho  50-60  knot  region) 
hence,  any  future  vohiclo  with  a speed  range  of  50-60  or  greater  nhou.ld  bet 
vely  ii  vuJni.'i.ibli.'  to  torpedo  attack,  again  depending  on  tun  anyJn  on 
tha  bow  at.  the  time  of  tnrpudo  firing  and  a roanonablo  torpe<lo  detecting 
ay  »l.  uni. 

If  the  o]  ginning  I'lntfiniu  In  elthur  (.  imbiivn  t no  or  nurf.mu  ahlp  mined 
with  long-range  minullim,  thou  count  01  dot  not  ion  cnpalil  Illy  liui-omon  the 
dominant,  factor,  and  the  bum-ril  of  npnod  In  derived  from  the  ability  to 
keep  out  of  weapon  range  once  tho  at  tucker  baa  been  del  noted, 

In  the  culm  whom  the  al.lnckm-  ban  a great  npoed  advantage,  riuch  mi 
a long-» lingo  aircraft  armed  with  air  to  sail  face  mluullan,  t.lien  little  bouciftt; 
can  ho  dorivod  from  olthor  npoed  or  count  nr  detection  capability,  ntncc 
tho  nlowor  platform  can  neither  out-maneuver  inir  avoid  tlm  attacker.  Undur 
Ihoau  coutl I f.l ohm  the  roln  of  eric-ortn  become n .important,  and  again,  the  enenrt 
tnUHt  have  a apnncl  rangu  on  the  order  of  t lui  attacker,  an  jihowii  In  the  table 
of  pur  ml  LI  upend  regu  I iremont  h (T.d)le  11-MI  . 
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Simply  ntotort,  in  nny  engagement  nituntlon  l.lio  bunofit  tlurivud  from 
upeort  1b  a (unction  of  t.hi  oppnning  plAtform  typos  together  with  weapon 
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POLITICAL  IMPLICATIONS 


There  are  political  benefits  scorning  from  groatar  speed  capability  of 
naval  vehicles  Hmt  rofiult  from  perception  In  the  national  anti  international  fora. 
Thaoo  benefits  are  largely  intangible  and  non-quant i ta Live,  but  nfo  noverthnlons 

rani. 

Thuro  are  Hovornl  parcolvod  capabilities  that  depend  on  speed  which  enhance 
deterrence  ht  lower  levels  of  violence,  Thn  1P5B  Lebanon  crisis  servos  att  «n  ap- 
propriate •oNStnp.le.  The  United  Btaton  had  made  n commitment  to  President  t'bamoun 
to  provide  military  niisintanco,  including  troops,  if  nnked.  The  gonevnl  conuon- 
auu,  before  the  fact,  hold  that  it  would  lake  about  throo  days  to  render  nuoh 
assistance.  Vet,  when  asked,  tho  Unitod  iltntoii  responded  within  24  hours.  The 
rapidity  of  rouponna  was  duo,  in  part  to  tho  forward  deployment  posture,  but 
•1st  in  part  to  tho  spend  capability  of  tho  nhina  and  aircraft  involved.  Two 

additional  days  could  have  been  the  difference  between  a major  war  breaking  out 

* 

and  containing  tho  relatively  small  incident  which  had  occurred,  % 

Percept  Ion  on  the  part  of  .1  potential  adversary  tlml  US  icsponue  could  be 
rapid,  because  high-speed  vehicles  are  involved,  might  hi;  the  iHifoience  be- 
tween complete  success  in  deterring  adversary  action  and  s situation  whnroiii  tho 
US  is  embroiled  as  u result  of  being  incapable  of  rapid  movement  of  force.  Sim- 
ilarly, tho  Hucconn  of  ballistic  mlntilUm  in  deterrence  d<ip>m<1ii  to  mum1  extent 
on  tha  speed  of  weapon  delivery. 

There  is  a school  of  though!  which  holds  that,  in  some  future  crisis,  tho 
first  superpower  navy  on  the  scene  may  ho  tlui  only  one.  This  may  come  about  as 
a result  of  the  other  superpower  realising  that  It  cannot  arrive  first,  evalu- 
ating tho  escalation  risk  that  occurs  with  direct  confrontation  and  being  dn- 
terrecl  form  proceeding,  one  could  argue  lli.il  thin  was  a factor  in  tho  recant. 

UB  decision  not  to  Bend  naval  forces  to  Angola. 


In  any  ovont,  timaly  arrival  h««  valuo  and,  considering  the  US  and  floviot 
(womans  baiting  tronda,  US  Navy  vehlclo  npecdn  may  Leiko  on  added  importance  nim- 
*.*/  bnomtno  of  the  adverna  trend  of  relative  dintnntioa  to  travel. 

Speed  of  vohlolon  alno  impacts  on  a sot  of  illegal  aettonrt  op  tho  high  ueaa 
whioh  will  probably  ineroaao  as  a result  nf  tho  rontrainto  of  international 
rolationn  such  «...  .no  .’’Cl  milo  finhing  rights  jurisdiction.  Tho  rapidity  with 
whioh  tho  UB  can  ronet  to  reported  incursiona  will  dotormino  tho  extent  to  whioh 
US  rights  under  ouch  rolationa  •ill  bo  violated  or  honored. 

Tho  uuecoau  of  future  pirwoy  actions  of  ume.il  nationn  or  tnrroriut  groupa, 
particularly  involving  tho  suautity  of  nuclear  weapone,  might  also  dopond  on  tho 
apeod  capability  of  naval  vohiolcm.  A 50-knot  intol.Ugonoo  platform  miglit  have 
prevented  tho  IUIIIIUjO  incident  without  the  wvibaequont  embarrassment,  without  tho 
tine  of  forco,  and  without  the  necuuaity  to  lo.ly  on  complex  command,  control  ami 
communion uam  nyuuome. 

In  add  it* on  to  enhancing  dot errowc  at  lower  Invn.ln,  there  are  ncvoral  inter 
national  and  national  political  impact  n of  apoocj  of  naval  vohi.elen,  prim,  ill  iy 
nsnocl  a tod  with  tho  "numbers  game."  Tho  superpower  watchers  among  the  major 
power  a and  Third  Nutiono  are  persuaded  to  one  degree  nr  another  by  percept,  lotiu 
of  statamnhtn  Hitch  nti,  "the  Soviet.  VlCTOH-clann  submarine  is  the  world'u  fdfjt.nnt. . 
Ono  flndn  fiueh  statements  in  author  1 tntivo  workti,  iipciochen,  etc.,  an  evidence 
that  the  Soviet  a aro  to  ono  degree  or  another  more  advanced  than  la  the  United 
Eltatcm.  (The  Sputnik  coup  wau  a similar  situation  oulsb.lu  the  roalm  of  npeod.) 

Trndl L iomil  Jy , the  "wor  ld'u  fastest."  anything  In  of  mime  intnrent  in  creat- 
ing good  public  relations  ("31-knot.  Iiurko") , obtaining  public  recognition  and 
Htiggoiit  lug,  porbapij,  more  than  that  which  upood  in  itself  Jm,  lion.  Thun,  ono 
nation  may  douire  to  create  the  illusion  in  the  inlei  national  forum  that  be  can  so 
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it  ha#  tho  faatcut  pianos,  it  thorofGi-f  has  "air  superior!  l.y , " which  may  or 
may  not  bn  true i but  tho  Mtatcmont  i.toelf  io  onouqh  to  muddy  tho  waters,  create 
doubts  and  otherwioo  fuel  tho  firon  in  US-Third  World  relationships!. 

In  the  national  forum,  as  can  bo  obnorvod  in  pro -convention  activity 
in  both  fortiori,  tho  numbers  game  is  continually  being  played,  Thun,  one 
teen  many  statements  lraeiud  on  numbcitn  regarding  who  in  superior  in  .nll.il.nry, 
naval  and  air  power.  Spued,  a number  to  which  mout  people  can  relate,  may 
ba  used  as  an  argument  for  or  against  n particular  tilde.  The  "World's  Fastest 
X-Vohicle"  could  easily  be  pointed  to  aa  an  accompli nhment.  of  nu  Administration 
or  Congress i failure  to  achieve  tho  "World's  Fastest  Y-Vehiclo"  could  hIbo 
bo  used  us  a criticism.  While  possibly  unrelated  to  direct  .military  capability, 
tho  intangible  impact,  of  apoed  in  such  political  siuiat.loim  is  none  thole  s» 
important. 

Thnra  is  still  another  area  wherein  spued  of  naval  vehiclos  impacts 
in  a non-military,  political  and  very  real  way,  resulting  from  the  actual 
uno  of  upend  rattier  than  perception  of  noun'  vague  notion  of  "tho  faster, 
the  bettor." 

The  US  almost  always  goon  to  the  aid  of  disaster  victims,  particularly 
when  the  area  is  aceenuible  from  the  sea.  In  very  recent  times,  for  example 
aid  was  provided  to  earthquake!  victims  in  Central  America  and  In  Italy. 

The  US  Navy  has  usually  participated  in  mich  a*d  and  * ho  lit;  obtains  intangible 
benefits  in  the  minds  of  i t.n  own  citixenn,  those  nnrlutud,  and  un Involved 
observorn.  The  faster  the  help  comes  (or  seems  like  it  is  coming,  i.c.,  "a 
high  speed  naval  and  morel, ant  force  in  proceeding..."),  the  greater  the 
impact  of  those  belief  its,  whatever  they  may  be. 
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Lantly,  there  in  the  matter  of  technology  transfer  from  tho  rososrch 
and  development  of  advanced  naval  vehicle  concepts  to  t.ha  private  ooctor. 

Tho  benefits  of  such  transfer  is  a two-way  street.  The  private  sector  usually 
cannot'  afford  tho  ronoarch  dollars  aid,  thus,  benefits  from  the  raoultn  of 
military  research/  tho  Navy  might  not  havo  the  constituency  to  support  tho 
advanced  concepts  into  productioni  which  in  provided  by,  for  instance,  tho 
need  for  ouch  conceptu  in  tho  private  sector.  In  the  noroBpaco  industry, 
technology  transfer  of  thin  kind  has  constantly  occurred.  Some  examples  ore 
tho  first,  large  jot  paOBOnyor  liners  (707/U-52)  and  the  wido-bodied  air  floats 
(747/C-fiA).  In  fact,  thin  could  bo  ono  reason  why  tho  U~1  without  its  technology 
transfer  civilian  counterpart  (SST)  in  experiencing  a groat  dual  of  troublo  with 
dclayn  and  funding.  Tho  military  incentive  is  pronont,  but  tho  private  sector 
incentive  it.  ..'anting. 

Similarly,  an  tit"!  for  purely  military  putpooun  may  find  greater  difficulty 
in  obtaining  f-ongrcinion.il  support  and  approval  without  concurrent  support  of  tho 
appropriate  private  Hector,  n.g.,  t!R  Merchant  M..rino. 

In  nummary,  there  art?  trover  al  tut  any  I tile  bencflt-ti  to  lw  dertvod  from  npood 
which  one  findu  difficult  to  demonstrate  concluulvoly,  but-  which,  are  worth 
merit  toning  and  pr  oviding  cane  histories. 
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•1BCTI0N  III.  TRANSIT  CPKHATIOHS 

A.  INTRODUCTION 

This  unction  inveatigatttB  tho  utility  of  apeed  in  trnnnit  operations. 

(A  later  section  will  treat  tho  specific  problem  of  speed  in  convoy  opera- 
tional n npecinl  cnaa  cif  transit.)  Speed  nffocte  transit  in  throe  wayn. 

The  firciU  way  atrongly  affects  force  IovdIh  by  changing  tho  amount 
of  non-prodiictivo  time  spent  in  getting  to  and  from  on  oenigned  Btation. 

In  thin  application,  it  in  nnnumed  that  the  minnion  of  a vehicle  la  to 
transit  from  a buoe  to  a ctntion  some  diu  banco  from  bane  and  perform 
ootno  took  cuch  up  barrier,  noarch,  data  c Election,  etc.  over  oomu  parted 
of  time  el'tor  which  the  vehicle  roturnn  to  itB  base,  which  need  not  bo  tho 
bano  of  origin.  Thun,  tho  total  timo  in  a cycle  is  tho  two  way  transit  time 

pine  t*hr»  tlmn  flpenf  nn  A Mlwhn  ^ I..t  t 1 1 geno^-ily  fcc  capable 

of  a specific;  maximum  muhiranco,  set  by  nt.oron,  fuel,  pornonnol,  maintenance 
requirements  or  other  limi  ting  factorn.  for  a given  total  endurance,  tho  lono 
time  spent  in  transit  , the  mom  time  cun  bo  spent  on  Btation  and,  therefore , 
tho  more  ut i li zittion  that  can  be  realized  from  each  vehicle.  Thus,  greater 
speed  of  trnnnit  can  provide  higher  vehicle  utilization  rutou  and  therefore 
lower  force  love In  for  a given  total  tank. 

The  second  investigation  of  the  effect  of  npoed  on  transit  deals  with 
the  economic;  oontii  c,f  transportation  and  impacts  loss  on  tho  ntricl.ly  naval 
problom.  Thin  offoct  does,  however,  rclntn  to  advanced  vchielan  of  all 
type  n . Tho  principal  tradeoff  to  lie  count  do  rod  io  oconomlc  and  iu  related 
to  the  fact  that  there  are  coat  a associated  with  transportation  which  depend 
aolcly  nn  olid  inorc.inc  with  time.  Thene  coalu  aroi  (l)  tho  t;  1 me  dependent 
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oosta  associated  with  operating  the  vohicla,  and  (2)  the  "intoruut"  coat 
associated  with  tho  investment  in  the  Cargo.  These  time  dependent  coats 
increase  with  time  end  therefore  ore  reduced  by  highor  transit  speodo. 
However,  higher  transit  speeds  also  operate  to  increase  costs  bocausn  of 
propulsion  and  energy  considerations.  The  more  valuable  tho  cargo,  the 
higher  tho  time  dopondont  cost  factors  and  therefore  the  greater  the  in- 
centive for  higher  spood.  One  expects,  therefore,  to  find  different  opti- 
mum speeds  corresponding  to  cargos  of  diffornnt  value,  from  experience, 
coal,  with  a relatively  low  value  per  ton,  is  transported  at  relatively  low 
apoedn  while  military  cargo,  at  a higher  value  per  ton  la  transported  at 
higher  speeds  and  high  value  materials  such  an  jewelry  and  precious  mntsln 
are  transported  at  otill  higher  npnods. 

The  third  treatment  of  transit  apood  deals  with  the  problem  of  a 
sustained  logistic  support  operation  in  which  a steady  demand  at  tho  end 
point  requires  a ''pipeline'1  of  goods  from  thu  supply  point.  Tho  required 
number  of  platforms,  of  n given  type,  to  fill  thin  sustained  demand  in 
determined  bv  tho  upond-capacity  product  of  the  platform  and  its  load- 
unloud  rate. 
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B.  TRANSIT  TO  STATION 


. Analysio  of  tho  transit  to  station  ease  makoB  use  of  tho  idea  of  "baao 
loss  Caotor,"  first  introduced  by  ono  of  the  authors  of  this  report  in  1963 
and  usad  in  the  OPNAV  Mid-Range  Objcotivos  publication  (mro-70)  published 
in  1966.  1 Tho  boon  loss  factor  (BLF)  is  an  “overhead"  and  generally  dofinod  ns  tho 
number  of  vehicles  noceasary  in  tha  forea  level  to  maintain  ono  fully  utilised 
in  soma  task.  The  gonornl  base  Iona  factor  takes  into  consideration  time 
in  shipyard  overhaul,  reliability,  transit  time,  training  time,  and  maintenance 
time.  Tho  derivation  of  tho  general  Bhr, formula  io  given  in  the  Appendix 
(Soct.  A),  for  tho  purpose  of  this  nnalynia,  only  tho  overhead  asaouiated  with 
going  to  and  from  station  Is  considered.  In  this  nano,  tho  base  losu  factor 
raduoon  tot 
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Figure  xii-1 

Number  of  Out-of-Ovorhoul  Platform*  Riwitiirod  to  Koop  0n«  On  Btntion  (lit.F) 
At  Function  of  Spned,  Fmturnncn,  and  Trannit.  Dlnbunce 
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Number  of  Out-of-Overhaul  Platforms  (inquired  to  Kaop 
One  On  Station  (tlf.P)  Au  a Function  of  Spend, 
Slndnranco,  and  Tranait  blatnnco 


purpose 

Th«  purpona  of  this  graph  ia  to  display  the  relationship  of  Uahu  Loam  Fac- 
tor (BU'I  to  transit  speed,  endurance  time,  and  two  way  transit  Uintaneo. 

Basla  for  Calculations 

Thin  ia  a plot  oF  aquation  A-&. 

Tho  non-dlmenuional  parameter  X in  the  ratio  of  the  (tranait  speed) • (undur- 
anco  tir.o).  product  to  the  two  way  transit  diutunco. 

Principal  Points 

1<  For  a given  vehicle  endurance,  T^,  and  dietancr  to  station,  D,  X 
In  aimply  a monmirr  of  speed.  Tho  PUT  fallu  off  very  rapidly  between  values 
of  X of  1 and  2. 

2.  Tho  curve  shown  greatly  diinin  lulling  marytnnl  return  (in  reducing 
I1LF)  for  valuer)  of  X beyond  3. 

3.  Keen l ling  that  tho  ULP  in  the  number  of  vehicles  Jn  inventory 
(after  aocovinting  for  overhaul,  training  maintenance  and  relinbil it.y ) required 
to  keep  one  on  Mini  ion,  thorn  is  high  payoff  in  reducing  Hl.F.  liccauuc  an 
incroatio  in  X (i,e..  npeod  for  a given  TR  end  P'  beyond  current  values  could 
be  contly,  tho  coni  of  producing  such  roductlonn  must  bo  conuidorcd . 

4.  Tho  of  feet  of  cluing  on  in  X through  variation  or  T and  U are  dlnnunnod 
Hubneeptent  1 y . 
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Bnduranco  Time  Voraua  Transit  Spued  for  Varlouo  Constant  toWs 
Kor  o Given  Two-way  Distance  to  Station 

Purgoao i To  show  tho  combinations  of  two  principal  vehicle  design 
paramo torn,  endurance  tlmo,  and  trnnait  npoed  for  a eonntnnt  two-way 
distance  to  (station  (3000  nm)  for  varioun  BM'a. 

Banja  for  the  Calculation t A two-way  dlntance  to  ntation  of  3000  nm 
might  bo  tho  round-trip  diatnneo  to  a i|\ld- Atlantic  operating  area  from 
on  annt  coast  operating  bnoo.  Other  typical  minnion  dintancon  aroi 


MiDoion 

Nominal 

Arena 

plwtenno 

roaotnl 

1000 

Mid-Atlnntic 

3000 

Trann-At'l  nnH  c 

0000 

Trann-Pnoi fie  (Hawaii) 

7000 

Trann-Pnolfic  (Wont  Coant.) 

3000 

Prim- 1 jial  hut n t n i 

1.  Tho  following  table  1 Hunt  in  tot)  tho  endurance.  that.  would  bo  required 
varioun  tit.V"«i  and  transit  npoedu. 


Transit.  Upend 

UU'u 

KliOuraliRU 

IV-qulrnd 

J 00U  nm 
Two  Way 
III  'll  anno 

■ 

10  - 20  knot  li 

1.5 

12,5-0. 25  day:; 

17. 5 lit.  75  rlny si 

.10  - ISO  knot. it 

1.5 

<1.2  - . R dnyn 

12.5  ■■  2. 5 dayn 

ZOO  knolfi 

1.5 

15  huurn 

<15  huurn 

500  krv  LB 

1.5 

6 huurtt 

111  hour n 

10  ••  St)  knot ii 

6.0 

5 - 2. 5 day n 

15  - 7.  5 dayn 

30  - 150  knot  H 

0.0 

1.7  - .3  dayn 

5-1  dnya 

200  knot n 

0.0 

6 liourti 

111  huurn 

500  knoto 

0.0 

2.  A lutu i’h 

7.2  hourn 

2.  Blmlliiijly  oonutructed  grapho  con  servo  uu  nomogromrt  for  mi  union  transit 
dintanco  mid  required  eombinntionu  of  force  lovctln  oriel  npeed-onduranc’e  producta 
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C.  TRANSIT  TO  DKliT INATJON 

Th«  cost  of  transportation  Is  analysed  for  a single  platform  trannit 
from  a point  of  origin  to  a domination.  loading  and  unloading  rates  at 
tho  and  points  arc  not  eonsidured  in  tho  single  trannit  cams,  but  will  ba 

t 

traatod  in  the  next  section  on  sustained  logistic  support  operations.  The 
eost  for  • single  transit  depends  om 

1.  Coot  of  tho  goods  being  trannportod  since  tho  dollar  value  oE  tho 
goods  could  alternately  bo  invested  at  somet  rato  of  Interest  during 
tho  time  of  transit. 

3.  Time  dependant,  costs  associated  with  operating  tho  platform 

3.  Spaed  dopcindont  oont  tainted  to  enorgy  Oonnumption. 

l’ha  val.ua  of  the  enrgo  at  tho  origin  is  tho  number  of  tons  of  aargo  times 
ths  vnluo  per  ton  of  cargo.  The  value  per  ton  of  cargo  can  be  axprosood 
aa  the  Jwllm  vuluu  of  Uiu  L'aiyo  or  weighted  dollar  va.luo  when  tno  cargo 
has  a worth  beyond  tho  nuirkot  value.  The  cargo  value  could  ho  nlternat.oly 
invented  during  the  tlmo  of  transportation  from  tho  origin  to  tho  destination. 
Tho  portlnn  of  tho  total  trnnnport ation  cost  which  in  naaigne-d  to  the  cargo 
Itsulf  1h  tho  cargo  value  tlmtii)  Ilia  lnvanlnmnt.  rate  t.lmoH  the  trannit  tints. 

This  framowork  can  bn  conoupt.ua] ly  applied  to  military  operations.  In 
this  cans,  aargo  vuiun  would  reflect  military  utility  rather  than  cout  or 
actual  dollar  value.  The  intoront  rate,  1,  would  bo  a measure  of  urgency 
or  critical  nature  of  the  delivery.  Quantification  would  Involve  nubjoctiva 
judgments  concerning  the  actual  military  worth  of  t.ho  curgo  (as  oppoaed  to 
simple  dollar  costs)  and  t.ho  Lime  dependency  of  this  military  worth  in  n 
dynamic  conflict  or  crisis  situation. 

The  transportation  cout.B  duo  to  tho  particular  platform  uuod  are  divided 
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into  the  platform  operating  coots  (upuod  independent.)  and  the  energy  consumption 
cootn  (npeed  dependent).  Tho  platform  operating  eoHts  include  depreciation 
of  the  platform  and  oquipmanti  pornomiol  caste,  maintenance . port  feoo, 
overhaul  and  apecinl  coots  duo  to  tho  particular  exorcise,  Those  operating 
ooata  onn  bo  added  together  and  divided  by  the  product  of  tho  lifetime  operating 
hours  of  tha  platform  and  itn  cargo  capacity  to  obtain  an  average  platform 
operating  cont  par  ton  hour. * Thauo  costs  wore  nosumnd  to  ba  indapondant 
of  upeod  for  thin  atudy,  Boino  of  those  costa  would  become  spaod  dependent 
if  tho  plptform  utilisation  varied  bticv.  iso  of  changes  in  npeed. 

Tho  Spued  dupondent  costs  ware  identified  as  bolng  chiefly  ralntod  to 
energy  consumption.  Energy  consumption  is  u function  of  tho  propulsion  wystom 
and  the  mode  of  transport. 

' Tho  total  cost  of  transportation  is  compound  of  tho  opportunity  omits 
plus  tho  various)  transportation  coots.  Tho  transportation  cost  per  ton  mile 
is  given  by  the  expression i 

ft 

Transportation  Cost  1 . , . 

Ton  Milo  V 11  oJ 

whore i 

C » coot  of  goods  (dollarw/ton) 

1 ■ investmout.  rato  (%/hour) 

Cl  m opportunity  contn  (dollnrn/ton  hour) 

Co  •*  opnrnMn'J  cost  (dnl  1 .-irii/ton  hour) 


hoforuneoo  for  oporating  cost  data  include  Thu  Utility  or  High  I'm  rnim.uieu 
Wgturrrnft  tor  Ruler  toil  Ml  »n_ljomi_  pl_thj.'  J.ln  1 1 td  JU.iton  Count  (tun'd  (II.  Pro- 
ject 7215.10,  Center  for  Nuv.il  Xnniyuou,  Novcmbi'i:  1072. 
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k ■ proportionality  conotarit  relating  speed  to  fuol  consumption 
V ■ opead  of  transit  (knots) 

a « proportionality  constant  relating  fuol  consumption  to  mode  of  transport 
x 3 for  aron  lift  vehicles 

» 

x 3 for  volume  life  (dtaplaoemant)  vehicles 
kv°”  energy  consumption  onot/ton  mils 

Simplifying  assumptions  will  bo  made  about  the  stun  Cl  + C . t(  c is 

o o 

1 unit  of  cent  por  ton  hour,  the  question  arisen  an  to  how  high  the  cost 
of  the  goodu , C,  oun  be  bol'oro  we  need  to  ecmnidnr  tho  opportunity  costs, 
hn  arbitrary,  but  ronMonablo,  annumptlun  might  be  to  disregard  Cl  unless 
it  wore  at  lonut  10%  of  CQ|  that  i«i 


or  nlnrn 
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bot  Utt  ouppono  that  1*20%  per  annum  ("3.3  X )0  por  hour);  then  tho  product 

of  C times  1 bn  disregarded  unlnan  C in  on  the  order  of  4400  c dollntu 

o 

por  ton.  Thuso  uimpli  tying  numwiptir  nn  nro  made  in  Figures  Itl-3  and  4 which 
indicate  tho  basic  dnpeiidcmou  at  transportation  cost  on  vulUclo  spend  and  tho 
existence)  of  '•ptiimun  spouJu.  Figures  1X1-5,  6 ,.ntl  7 incorporate  the  CT  product 
and  indicate  optimum  spood  and  cargo  value  combinations  for  tho  indicated  operat- 
ing coots. 

Table  lll-l  imUcutus  current  (November,  J574)  cargo  values  of  seine ted, 
critical  raw  materials. 
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Figure  I1T-3 


Tranupor tot lem  Cent  Vermin  Rpncxl 
(Arne  t.itt  Vohiftlou) 


Tranaportation  Coot  (Oollavn/Ton  Mi'lo) 


Bpnoil  (Kiicitn) 


Figure  III-3 


Transportation  coot  vorouo  speed  of  transit  as  a function  of  operating 
cob'.,  and  fixed  fuel  consumption  proportional  to  tho  square  of  tho  transit 

apeod . 

Purpose i 

Thin  graph  shown  tho  relationship  between  transportation  cost  and  spend 
of  transit  for  a single  arou  lift  platform  making  one  transit. 

Basis  for  tho  Calculation i 

This  graph  in  nn  approximate  plot  of  liquation  A- 3 0 assuming  tho  01  product 
in  Small  enough  to  be  ignored.  A fuel  consumption  proportional  to  the  square  of 
the  transit  speed  was  assumed.  This  relationship  is  valid  in  tho  speed  range 
of  this  graph,  which  might  typically  display  tho  transportation  costs  for  flying 
plat forms. 

The  selected  operating  costs  (C.)  represent  tho  vartm">  »"''»■  r.r  '■'">"«p«rt. 
Por  example!  A con.,  of  $100/ton--hour  may  correspond  to  a medium  size  propeller 
aircraft  and  $250/t.on-hour  may  correspond  to  a largo  jet  aircraft. 

Principal  Point n i 

1.  For  a given  operating  cost,  there  is  an  optimum  speed  of  transit  which 
minimises  the  transportation  cost. 

2.  Thci  optimum  speed  of  transit  nml  the  rnrrcnpoivli  ng  minimum  transporta- 
tion eon  t.  inc.re.wieu  with  inct  easing  operating  cunt. 

3.  Borne  specific  examples  uroi  A transit  speed  of  300  knots  is  optimum 
for  an  operating  cunt  of  51 00/ton- hour . The  minimum  transportation  cost  which 
occurs  ot  this  speed  io  $0.403/tou  mile.  For  an  operating  coat  cif  $250/1 on-hour 
tho  opt  lnu.it  speed  of  transit  is  500  knots  and  tho  minimum  transportation  cost,  io 
$0. 75  ^ton-mile.  ■ 
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Flyura  III-4 


Trancpertation  Cost  Voruus  Spood 
(Difip.lflcomatib  Voliicloii) 


•franuportat  ion  Conk  (Pollarn/Ton  Milo) 


Bpoocl  (Kuol.n) 
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Flyura  III-4 


Transportation  Coot  Versus  Speed  (Pi  oplnoomant  Vuhlclau) 

Purpose i 

This  graph  shows  the  relationship  between  transportation  coat  and  spaed  of 
transit  for  a single  displacement  platform  (a-3>  making  one  transit. 

Basis  for  the  Calculation i 

The  basis  of  this  graph  in  similar  to  Figure  1IX-3,  except  that  in  this 
graph  a fuel  consumption  proportional  to  the  cubs  of  the  transit  spend  is 
aasumod.  This  relationship  might  typically  display  the  transportation  coots 
associated  with  volume  lift  (displacement)  platforms. 

The  seleoted  operating  coots  are  representative  of  various  existing  modes 
of  transport.  For  example i a coot  of  $0. 1/ton-hour  may  correspond  to  a large 
cargo  ship  and  $10/ton-hour  may  correspond  to  a smaller  high  speed'  surface  plat- 
form. 

Principal  Points • 

1.  For  a given  operating  font,  thorn  in  an  optimum  speed  which  minimises 
the  transportation  cost. 

2.  'rim  optimum  upocid  of  transit  increases  with  operating  coat  and  hau  a 
corresponding  increase  in  urn  importation  cost. 

3.  Some  specific  oxampiou  aroi 

For  an  operating  cost  of  $0. 1/ton-hour  the  optimum  spued  of  trannit 
is  42  knots  and  the  minimum  transportation  cost  is  ?.002/ton-mllo. 

For  on  operating  cost  of  910/ton-hour  the  optimum  speed  nf  transit 
is  164  knolu  and  the  minimum  transportation  cost  in  $.104/lon-mtle, 


Figure  I II- D 


Cargo  Value  Versus  Optimum  Speed 
(Moderate  Bpeed,  Displacement  Vehicles) 

Purpose i 

Thin  graph  shown  the  relationship  between  low  to  medium  value  cargo  and 
the  optimum  speed  of  transporting  the  goods  for  representative  operating  costs 
of  moderate  npeod  displacement  vehiclon  (<t»3)  > 

Basin  for  the  Calculation i 

Tha  transportation  coat  aquation  (equation  A-10)  was  differentiated  with 
ronpoct  to  spued  to  determine  tha  optimum  speed  of  transit. 

In  thin  graph  a fuel  consumption  proportional  to  tho  cube  of  the  tranoit 
■pood  wan  assumed.  This  relationnhlp  in  compatible  with  volumn  lift  (displace- 
ment) platforms. 

Operating  costa  of  $.001  to  $, 1/ton-hour  were  chonon,  and  might  typically 
represent  Hurface  transport  ranging  from  low  a pood  tug-in-tow  to  conventional 
enrgo  ohipn. 

-S 

A fined  investment  rata  of  20\/yo«r,  which  is  equal  to  2.3  X 10  %/hour, 
was  chosen. 


Principal  Pointn i 

1.  For  low  opera  tiny  runts  (9,001/t.on-hour)  tho  optimum  npood  of  transit 
shows  definite  sensitivity  to  cargo  value. 

a.  For  typical  oporating  contn  of  conventional  caryo  nhlpD,  the  optimum 
speed  of  tranoit  is  relatively  insonsitiva  to  cargo  values  ovar  tho  indicated 
range. 
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3.  Thifl  graph  iUuatrnton  that  the  optimum  Bp»ort  of  transit  1b  directly 
rolatnd  to  cargo  value  in  certain  woll-dofinad  reglonn,,  i.e,,  cargo  vnlunfj  in 
the  low  to  medium  rango  influanco  tho  optimum  apoad  of  platforms  with  vary  low 


operating  coat. 


Figure  III-G 
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Cargo  Value  Voruua  Optimum  flpaod  for  Various  Operating  Cooto  (niuplacu- 
mont  Vohitilou) . 

Purpose i 

Thin  graph  ahowa  (for  displacement  voltlclou)  tho  relationship  batwoeh  cargo 
valuen  and  tho  optimum  npood  of  transporting  tho  good a. 

Unpin  tor  tho  enlculatlom 

Tho  figure  in  a plot  of  Equation  A-il  for  cUiiplacoment  volilclon  for  a rangn 

of  values  of  C . 

o 

• TliiS  transportation  coot  equation  w«n  dif forontiatod  with  ruupact  to  speed 
to  dotormino  the  optimum  upood  of  tranait. 

In  thi*-  graph  r fuel  consumption  proportional  to  tho  cub*  or  tho  trannit 
speed  was  anMumod  (tt  « 3).  Thin  roiuttomihlp  J n compatible  with  di  nplacamant 
(i.o.,  voluiiui  lift)  vohiclon. 

A fixed  investment  rate  of  20%/yuar  won  chonon.  Thin  tu  equal  to  ?..l  X 
10”5%/hour . 

Principal  _Poiij_tn  i 

1.  Opt  imum  tranait  upend  in  ticrmitlvo  to  dtacrolu  combiiutt  Iona  of  flxud 
operating  costs  and  cargo  vuluert,  Projected  npond  cnpnblll t ion  nml  operating 
coutw  of  vehicles  . 'ontify  preferred  trnnnit  mluntoim  (in  ternw  of  cargo  valuou) 
for  nuch  vohiclou. 

2,  A limiting  upend  of  about:  50  knoln  for  dliiplacnmtnit  tililpii  and  typical 
opornting  csootM  ot  $0.1/t.on-hour,  moke  them  appropriate  for  cargo  volutin  up  lo  the 
#1 ,000-3. 000/ton  range t 
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3.  If  lighter  than  air  (LTA)  vehicles  can  achiovo  C^b  of  about  91.0  to 
|10/ton  hour  and  opoorts,  up  to  about  ISO  knotn,  they  may  bo  appropriate  for 
cargo  valucn  up  to  about  9100,000/ton. 
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Figure  in-.* 


Cargo  Value  Vermin  Optimum  flpoori 
for  Vuriouu  Ojmratliuj  Gouts  (Arua  Lift  Vehiclou) 


Cargo  VaJ.u>.  (Liol  Inrn/Ton) 


o 


(6porutinfj  Con  in, 
DoUuru/Foii  Hour) 


1 


i 
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figure  III-? 


Cargo  Vnlun  Voruua  Optimum  Bpoed  for  Various  Operating  Coats  (Area  Lift 
VehicleB) . 

■ 

Pur peso i 

Thio  graph  ohowo  for  area  lift  vahicloa  (u-J)  the  relationship  between  ergo 
values  and  tho  optimum' apond  of  tranopnrting  the  goods. 

Basin  for  the  Calculation! 

The  figuro  is  a plot  of  Equation  A-ll  for  the  indicated  values  of  c . The 

“6  ^ 

ourvoa  oro  drown  for  area  lift  vuhicleb  (e  » 2 and  k « 10  > . 

Principal  Polntai 

1<  An  overlay  of  Figures  end  JI>7  indicates  a close  match  at  a 

CQ  of  $l/ton  hour  and  npciodn  of  about  70-100  knotn, 

2.  At  cargo  valuen  nhovo  about  $100,000,  area  lift  vehicles  are  preferable 
(optimum  upend  a exceed  100  knotn  for  all  operating  cuntsi)  . 


Table  II1-1 


Critical  How  Material* 


Low,  Valuo  Material 

Co  ft  t/Ton  ([Jo  1 1 arh ) 

Iron  oro 

11 

1‘otaoh 

34 

Bauxite 

40 

Mnnganoms  Oro 

79 

JSircon 

83 

Medium  Value  Malarial 

Tin 

313 

8ina 

305 

Load 

372 

Aubonton 

4 38 

500 

Antimony  , 

744 

llltjh  Vat U(^  ttatiti  ifll 

, 

Coppe  r 

1,1(10 

Niokul 

2,(lr>2 

Culumbium  Tant uli tint 

.1,2  ft  Ct 

Cobalt 

n,4fio 

Tunqnt on 

7 , 300 

8i Ivor 

38,870 

friforuru  > i 11 H Life  lit  n;,  ini) until  of  Ksw.'nt  l.t 1 Mat  ijrlaijj  nml  t-hc*  rn|mct 
bovrui  Commumi  tin  t.ho  fi,t  it  mi , Ol’NAV-Ol'U-l'i  , Novninlicr  .1  *1  '.‘Vi . 
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bUBTAINrt)  inf.nr.TIC  BUPPOHT 


Tho  sustained  legloticu  support  problem  in  bntiicftlly  ft  pipelines  of  goads 
Unking  a supply  paint  and  u demand  point)  whoroin  n Inrge  amount  of  tho  mn  tori,  cl 
being  transported  in  on  rout.o.  This  analysis  daalu  nololy  with  the  number  of 
plfttformn  in  tho  pipeline  and  ot  tho  and  polntn,  Transportation  to  And  from  tho 
end  points  is  not  nonsidarud, 

i 

Tho  numbor  of  platforms  required  to  fill  tho  pipeline  in  given  by  thu 
expression  '' 

n - -2-  (?■  + 

t 1 V r J 

whom, 

t >«  tima  interval  between  platfortm  (hour a) 

D »*  ono-way  trunB.it  distanco  (nm) 

V <«  ,'jpi.Sd  Of  ti.'All«lit  (I'lll'/llOUl  ) 

Qp-“  pny’ond  capiotty  of  the  platform  (ton.O 
r *»  load-urilond  rate  (tonu/hour)  . 

Tho  Uornund  rate  nl.  tlio  one!  point  in  cun  to  l nod  Jn  I.  by  l.hn  following  rotation 

t - ?.%. 

0 

who no i 

T •*  Uii.nl  time  of  tho  nitration 
Q » total  nmount  of  goochi  rogulrod 
Pp  *•  pay  loot!  capacity  of  each  plot  form 
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Tho  numbor  of  platforms  required  to  fill  n specific  pipollno  demand  iu  uoan 
to  bo  detormlnod  by  the  payload  capacity,  tho  load -unload  rnto,  and  tho  npood  of 
tbo  vehicle.  whoro  tho  numbor  of  platform*  in  « critical  consideration,  incroauod 
•pood  oon  bo  important  in  rodeoing  requirement!!,  particularly  for  pipelines  over 
long  distances. 

Thoro  nro  othor  factors  wh.iah  can  Influence  tho  of footivonosn  of  transit 
speed.  Tho  valuo  of  noma  typea  of  pnrinhobl.o  qoodn  may  drop  off  rtlmrply  after  noma 
critical  handling  and  transit  time.  Air  transit,, systems  can  deliver  directly  to 
inland  locations  and  avoid  tha  additional  handling  and  trnnuit  costs  of  uon  uurfaon 
transit. 

Tho  choice  of  tho  mode  of  trnnnit  of  goods  mny  bo  .influenced  by  many  fa a torn. 
Borne  of  tho  more  obvious  are i 

• Tho  valuo  of  the  goods  being  transported. 

• tioatb  ot  aoiayu./  cinmugu  or  loos  in  U>in.<it. 

• Critics!  time  factor',  for  certain  cjoocIm  under  certain  circumstances 
(ouch  as  food,  (nodical  nuppl  t an , dloetronlon  ccjulpmont) . 

• Canon  whoro  only  one  farm  of  delivery  in  available  (o.y.,  Purlin  Air  lift). 

Tho  above!  may  apply  to  tha  "ad  hoc"  l-rniwit  U>  bent  .n.il  ion  Problem  an  well 

an  to  tho  Buatained  logistics  (Plpelina)  Problem. 

Prom  tho  point  of  view  ef  tho  offuctlvnncnn  of  vehicle  upend  In  a pipeline, 
tho  principal  variable  of  intcrost  in  thu  numbor  of  plutformn  required  to  nuHtain 
a given  rate  of  delivery.  Table  1T1-2  provided  a basin  roi  the  following  figured 
which  address  this  problem. 


Table  III-2,  Number  of  Platforms  Required  to  Pill  a Pipeline  for 
Fixed  Twe-Wny  Transit  Distance  of  G,000  nm 
and  Unloading  Rato  of  60  Tone/llour 

{ ) ■ Conceptual  or  Planned 


Nominal  Speed  Range 

Typo 

Speed 

Payload 

Number  Required 

(knots) 

(knots) 

(tons) 

15-39 

cargo  ship 

20 

4,000 

„ 12 

• Displacement  Ships 

cargo  ship 

33 

20,000 

5 

f , 

35-60 

PGM 

40 

15 

1,146 

\ 

) 

f 

Hydrofoil 

\ 

60-100 

(SES) 

(50) 

(1,300) 

14 

£ 

BBS 

(ACV) 

(50) 

(700) 

23 

9 

ACV 

ACV 

50 

20 

609 

i' 

T 

Airship 

67 

60 

174 

r 

(ACV) 

(70) 

(70) 

144 

v. 

(Airo)iip) 

(70) 

(110) 

93 

r 

! 

1 100-20? 

(WIG) 

(195) 

(150) 

.:7 

WIG 

(WIG) 

(200) 

(65) 

5G 

v 

1TA 

(WIG) 

(200) 

(070). 

e 

200-600 

(WIG) 

(216) 

(220) 

10 

ix^d  Wing  Aircraft 

(WIG) 

(230) 

(320) 

13 

Cl  30 

300 

23 

103 

C5A 

500 

70 

23 
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Plquv*  ITT-H 

Fraction  of  Platforms  RotjuJiud  When  Compared  to  tho  basic  Casio  to  Kill 
A Pipeline  for  Various  Vulocity-Cupaci.ky  RolationuhlpiJ 


fraction  of  Platforms]  Required 

1.0  | rr 


I)  ■»  3,000  nm, 

, , . . Toiih 

Noi-mnlinod  to  60  - — r 
■ • ■ Hour 


Vflp  • 35,000  ton  mllosi/hr. 


VQp  ■ 400,000  jjon  milon/ 


TiTvicI i ng/Onload  I in')  Hat c 
Oioiia/lloiirl 


in-an 


Figure  m-B 
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Purpoao 

This  graph  shows  the  offaot  of  unloading/loading  rates  on  the  fraction  of 

platformo  raquirod  (compared  to  the  baso  cooo)  to  fill  a pipeline  for  n given 

% 

volocity-capaaity  product. 


Baals  of  calculations 

For  any  looding/unlonding  rate!  (r) , the  number  of  platforms  (n)  roqulrad 


to  fill  the  pipeline  is  proportional  toi 


JD_  1 

VQp  r 


(text,  pago  XII-25) 


where,  D » length  of  the  pipeline  (rim) 

V ‘ velocity  of  a platform  (Knots) 

■ OP  “ payload  capacity  of  a platform  (tons) 

Selecting  a nominal  vnlua  of  r (in  thin  case  » 60  tono/hr,  which  is  about 
the  rate  for  n C-5A  aircraft)  and  normalising  n to  a value  of  ono  for  thi.a  rate, 
tho  relativo  number  of  platforms  required  for  any  rato  r iai 
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The  figuro  plots  this  ratio  (fraction  of  platforms  required)  for  values  of 
r from  60  to  500  tons/hr.  Curves  are  plotted  for  two  platform  speed  capacity 
products i 

• 30,000  ton  miloo/hr,  which  is  typical  of  the  C-5A  (70  tons  of  cargo 
at  500  Knots) 
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• 400(000  ton  milea/hr,  which  approximated  a standard  merchant  ship 
(20(000  tons  of  cargo  at  20  knota) 

Principal  points 

X.  Tlio  relative  number  of  platforms  for  a fixed  velocity-cargo  capacity 
product  decrease*  as  the  unloading/loading  rate  increases. 

2.  For  each  velocity-cargo  capacity  product,  increasing  the  loading/un- 
loading rate  produces  diminishing  returns  in  raduaing  the  required  number  of 
platforms. 


E.  SUMMARY  AMD  CONCLUSIONS 


Tho  utility  of  spaed  in  transit  was  investigated  for  throo  dittos . 

• Transit  to  station  (base  ions  factor) 

• Transit  to  dootinalion 

• Sustained  logistics  support 

The  analysis  of  transit  to  station  made  use  of  the  boss  lose  factor, 
which  in  generally  defined  as  the  number  of  platformn  necessary  to  maintain 
one  on  station.  Tho  principal  parameters  in  this,  ceoo  aret  tho  two-way 
transit  distance  to  station,  Utannit  speed,  and  the  total  endurnneo  time. 

It  should  bo  noted  that  this  analysis  foeuaod  on  the  impact  of  speed 
on  tho  transit  to  and  from  station.  The  general  base  loss  factor  concept 
can  bo  jroudily  extended  to  inoludo  other  parameters  such  us  tho  impact  of  spaed 
on  time  on  etation,  maintenance  time,  training  time,  and  time  to  overhaul. 

Tho  principal  paints  in  thu  transit,  to  station  arei 

e Increasing  npeod  of  transi  t can  reduce  tho  bane  loss  factor  (BI.F)  . 

Sharply  diminishing  returns  sat.  in  at  Bid’s  below  about  1.5. 

e The  important  consideration  is  the  affect  of  increasing  tranoit 
upend  (V)  tho  total  endurance  time  I'D  , Thun,  the  VT  product  in 
the  important  measure. 

Thu  investigation  of  thu  transit  to  destination  (economics  of  transportation) 
Illuminates  the  utility  oC  speed  through  the  aneoriatnd  value  of  time  in  transit. 
Tho  time  dependent  faclorn  arut  the  hourly  operating  costs  of  tho  platform  and 
tho  inventory  value  of  the  goods  while  in  transit.  Tliuso  time  dependant  couts 


increase  with  time  nnd,  hence,  are  reduced  by  higher  traun.lt  speeds,  Howuvor , 
higher  transit  speeds  increase  costs  duo  to  propulsion  and  energy  conaidorotionB. 
Tho  fundamnntal  t.rndo-off,  then,  is  between  tho  timn  dopondont  oont*  ond  the 
energy  coetn,  • 

The  principal  points  in  the  economics  of  transportation  orai 

• An  optimum  vehicle  for  transporting  cargo  of  a glvon  value  cun  bo  de- 
fined by  n combination  of  tho  time  dependent  cents  of  operating  tho 
vehicle  (par*  ton  of  cargo  capacity)  arid  the  vehicle  speed. 

e In  general,  for  a given  timo  dopondont  operating  coot,  the  optimum 
transit  spood  is  insensitive  to  cargo  value  up  l.o  a critical  value. 

Above  this  value,  optimum  transit  speed  increases  monotonically  with 
• cargo  value.  Thcoe  critical  cargo  values  incronoo  with  .increasing 

timo  dopondont  operating  coats. 

• Transit  of  military  cargo  involves  military  worth  which  can  Ter  ex- 

* 

coed  simple  dollar  vnlnoa  nnd  which  may  bo  highly  timo  dependent, 

Thu  analysis  provides  a basic  framework  but  subject. I vo  Judgments 
nro  riecotisary. 

The  third  case  of  the  utility  of  speed  in  transit  investigated  11  sustained 
logistics  support  operation.  Thin  operation  wan  const durod  ns  a pipeline  of 
goods,  whoroln  a largo  amount  of  the  material  being  transported  io  tin  route. 

In  this  case,  the  principal  inoamire  of  effectiveness  in  the  number  of  platforms 
required  ond  the  critics!  parameters  arm  the  transit-  npood,  the  payload  capac- 
ity of  tho  platform,  and  the  load-unload  rates. 

Tho  principal  point  in  the  sustained  logistics  support  opera Lion  in  l.hati 

• Tho  number  or  platforms  required  to  sustain  the  operation  Is  strongly 
dopondont  on  the  speed-payload  product:  of  a platform  and  the  loading/ 
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unloading  ratea,  For  each  speed-payload  product,  tho  required  numbar 
of  plnttorma  is  reduced  by  incraaning  tho  londing/unlonding  into.  How* 
over,  thore  oro  rates  beyond  which,  diminishing  returno  aro  evident, 

For  example,  for  a itpaad  payload  product  of  15,000,  the  number  of  plat- 
forms required  at  an  unloading  rata  of  SCO  tonn/hour  is  lit  lass  than 
at  the  nominal  GO  tons/hour,  At  higher  raton  there  is  no  further  ap- 
preciable gain,  For  n speed  payload  product  of  400,000  the  number  of 
platforms  required  ia  60%  fewer  at  a rate  of  400  tons/hour  and  oontinuon 
to  chow  alight  gains  at  even  higher  rates. 


SUCTION  IV.  CONVOY  OI'IIRATIONS 


A.  INTRODUCTION  i 

Th*  purpose  of  this  chapter  la  to  detarmino  tho  relationship,  between 
the  morn  important  variables  in  convoy  nperationa  and  tho  ratios  of  apaoda 
of  the  various  forcon  which  aro  involved  in  convoy  operations.  To  fooua 
on  the  speed  of  forces  involved,  none  simplifications  have  boon  made  which 
will  bo  described  whore  applicable. 

Studios  over  tho  laut  ten  to  fiftoon  years  which  have  examined  the 
problem  of  convoy  operations  have  generally  limited  ths  oonvoy  units  to 
present  and  near  term  ship  propulsion  technology  such  that  only  small  ranges 
of  variations  in  speed o of  convoy  ships  have  been  considered.  This  has  also 
generally  resulted  in  ouoantially  fixed  rulationnhips  nmony  convoy  spoeds,  at- 
IkcVui  t,puwu»  and  attacker  weapon  speeds.  Thi)B,  the  studios  novo  Dean  cnorecter- 
isod  by  complex  computer  simulations  to  determine,  usually  ovor  an  entire 
campaign  of  sovural  months,  the  effects  of  varying  other  parameter!!,  Buch  ns 
number  and  spacing  of  uhipo  in  tho  convoy,  number  of  attacker!!,  kinds  of 
weapons  and  nonnors,  otc.  In  the  Htudios  reviewed  (n.g. , SEAMIX  T and  II) 
tho  attacker  (the  enemy)  was  character i rod  by  n submarine  armed  with  torpedoes. 

In  those  ntudioa  it.  has  been  assumed  that  tho  uso  of  mineilcu  in  not  warranted 
against  convoy  nhipa.  Thun,  all  of  the  pertinent,  spaed  varisbl.au  have  been 
confined  to  very  small  tangos  or  variation  arid  the  utility  of  higher  speeds 
is  not  readily  diecorntblo.  These  assumptions  will  have  to  be  changed  in 
future  largo  scale  examination!!  of  convoy  operations. 
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This  chapter  draws  on  tho  morn  bnrtic  eilnsnia  annlyoiA  of  the  oonvoy  oper- 
ations problem.  We  consider  convoy  uh.lpn,  oscorto  and  nttnoknra.  Tho  attackers 
Arc  generally  thought  of  cm  enemy  uubmnrlneo  end)  therefore , one  may  think  in 
tome  of  a maximum  of  a few  tonu  of  knots  with  rocpoct  to  attackor  spaado.  Tho 
methodology)  however , i#  general  enough  to  oxtond  to  attoekoro  which  ore  onomy 
advanoed  naval  vehiclou.  Ratios  of  convoy  nhip  speed  to  attacker  speed  of  0 to 
5 are  connldered  and  "mioira-t.aotios"  nro  not  considered,  For  example)  tho  ana- 
lysis  only  keeps  track  of  the  convoy  "cento*" j distance!!,  tlmon  and  tracik 
angles  arc  manicured  from  thla  point  rather  than,  for  example,  tho  convoy  ships 
nearest  tho  attacker. 

The  objoativo  of  tho  enemy  attacker  in  every  case  of  tho,  annlyoin  is  to 
detect,  approach,  attack  and  sink  oonvoy  ships  (i.o>,  tho  convoy  center).  Tho 
primary  parnmatere  ansooiatad  with  the  attacker  arc  the  detection  range,  the 
approach  npecd,  and  the  Weapon  ppiicd  ami  weapon  range.  Tho  actual  kill  by  tho 
attacker,  which  dopondu  on  overall  weapon  cffocllvcimnii,  is  not  relevant  to  tho 
focuu  of  tho  atudy. 

Tho  principal  paramrten  of  the  convoy  in  itu  spaed.  Tho  upoed  to  uaod  to 
roduco  threat  area  arid  throat  areas.  Tim  option  of  rerouting  and  e van  Ion  in 
implicit  for  some  combinations  of  convoy  speeds  and  other  key  parnmetorn.  Thin 
in  indlcnlnd,  but  not  quantitatively  treated.  The  convoy  upned  rango  at  wliich 
Independent  ,-nlllntj  becomes  an  alternative  in  cnialitatlvuly  truatod  in  tlio  final 
subunctlon  (after  the  noconriury  invant.iyationw  of  interact  lonu  among  convoy 
speed , oncoit  nymod,  and  attacker  npoed)  . 

The  object  1 vo  of  tho  escort  In  protecting  the  convoy  la  detect  ion  and  counter- 
attack of  tho  attackor  at  a range  mifttolent  to  pronecute  an  attack  against 
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tha  attacker  boforo  ha  can  affectively  launch  hie  weapons.  The  principal 
escort  parameters  considered  in  the  analysis  ero  spaed,  eprint  speed  and  relative 
force  lovula  an  a function  of  convoy  speeds  and  attacker  opcode,  and  other 
attacker  capabilities  (weapon  speed  and  weapon  range). 

» 

Post  studios  have  often  concluded  that  a convoy  which  could  travel  at 
about  IS  knoto  above  the  maximum  spaed  of  an  enemy  nubmari.no  would  be  relatively 
invulnerable  to  attack  by  submarines.  This  conclusion  is  a diroot  result  of 
the  foot  thot  the  speed  of  the  submarine  woopon  (torpedo)  has  boon  of  the 
same  order  an  tha  (font)  convoy  speed,  and  the  foot  that  the  detection  range 
of  t.ho  convoy  by  the  submarine!  is  of  tha  soma  order -so  tho  maximum  torpedo 
run.  Tho  higher  spatid  of  missiles,  particularly  whop  used  in  connection  with 
extarnal  data  from  aircraft,  sstollite  or  other  surveillance',  renders  this 
conclusion  invalid. 

The  nf  *-M  « ehsprnv  deni*  wi  *- V,  1 titeffieH  nm  > 

• ' Attacker  against  convoy  ship 

• Kscort:  against  nn  nttnekor. 

• Kscort.  spaed  (sprint  and  drift)  requirements  generated  by  high  convoy 
spends 

Theoo  results  are  then  collector!  for  brief  discussions  of  the  influence 
of  the  various  spend  ratios  on  how  one  might  employ  high  npoed  escort  typo 
shipn  one!  on  the  quasi  ion  of  convoys  vermin  Independent  nulllrgn.  Tho  appropriate 
uquutions  and  ilorlvationn  are  collected  in  the  Appendix  (Beet.  ts),  but  are  not 
noodnd  to  understand  tho  ranulto  of  tho  analysis,  which  nro  displayed  in  graphical 


form. 


D.  CONVOY  BPKED 


The  eonoopt  of  operations  envisages  a convoy  steering  a atuady  couroe  at  a 
constant  spaed  and  tho  analysis  begins  with  datection  of  the  convoy  (i.o.,  tha 
oonvoy  center)  by  tho  anomy  attackor.  Convoy  speed  is  troatod  in  tyro  general 
categories  i convoy  spued  groator  than  attacker  pood  end  convoy  spued  loos  than 
ottsokor  spaed. 

Case  I.  Convoy  Bpood  Creator “than  Attaokor  Spaed 

Me  define  an  aroa  of  threat  to  tho  oonvoy  (convoy  throat  oroa)  as  that  in- 
stantaneous area  from  which  an  attackor  with  tho  requisite  combination  of  detec- 
tion range,  attacker  spaed,  weapon  speed  and  weapon  rango  can  detaat  and  subse- 
quently nttaak  the  center  of  the  convoy.  Using  this  area  of  threat  as  tho  signi- 
ficant parameter  facilitates  tha  subsequent  development  of  othor  measures  (such 
as  screen  lanqt.h,  number  oi  ouoorts  required)  an  a function  of  the  ralativo  spaodu 
required.' 

for  a given  range  at  whiah  tho  attacker  con  detect  tho  oonvoy,  tho  maximum 
also  and  tho  uhapo  of  thin  area  will  vary  with  tho  rnultionnhips  among  tho 
aotiicvable  valuon  of  tho  vnriouti  parameters.  Thin  is  illustrated  in  figure  1V-1 
for  tho  throo  subcases  indicated.  In  all  canon  tho  convoy  proceeds  at  it.n  bout, 
spend  (to  minimise  the  pounibla  threat  urea)  and  tha  boundtu  inu  of  the  ureas  rep- 
resent the  rouulVunt  maximum  limitn  of  the  throat  aroa  which  tho  attackor  can 
generate,  with  hiH  maximum  upped,  weapon  npoad , n.ic'l  weapon  range  combined  with 
optima)  approach  tactics. 

In  cad a la  it  in  assumed  that  the  maximum  speed  of  the  attackor ' n weapon  in 
aqual  to  hiu  maximum  t.peed  (alternatively,  tho  weapon  ban  ncro  rango  and  tho  at- 
tacker muni  intorHoot  tho  oonvoy  cantor) . Thun,  the  only  important  parumotorn 
are  tho  convoy  spend  (V^,)  to  attacker  speed  (Vft)  ratio  and  t.ho  "track  angle"  of 
the  convoy.  That  is,  tho  angle  measured  between  the  projected  course  of  the 


Figure  IV-1 


Aron  o £ Throat  to  a Convoy  for  n Givuii 

Attaekor  uotoction  Range  as  a Function  of  t.ho 
Convoy /Attoakair  Speed  Ratio,  the  Convoy/Attnckar 
Weapon  Speed  Ratio,  and  the  Attaekor  Weapon  Range 
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convoy  und  the  relative  bearing  of  tin-  attacker  from  the  convoy  center  (tltiu 

angle  la  sometimes  called  "target  angle"  or  "nnglo-on-tho-bow"  and  le  measured 

UP  to  180°  right  or  loft  of  the  convoy's  projected  course) , in  the  figure, 

tha  specific  angle  8 indicates  (for  a given  V^/V^  ratio)  the  maximum  value  of 

* 

thia  angle  which  con  ronu.lt  in  an  intercept.  Tha  line  whioh  inheruocts  tho 
projected  course  of  tho  convoy  at  tho  convoy  canter  to  form  tha  angle  0 la 
the  limiting  lino  of  approach  of  the  attacker  for  nn  intercept.  Thus*  tho  area 


C 


Tim  resultant  Convoy  Threat  Area  it  plotted  in  figure  xv-2  as  a function  of 
VC/VA  ratios  of  1 to  5. 

Tho  area  ia  normalised  to  a circular  throat  area  whoso  radius  is  the  datec* 
tion  range  of  tha  attacker. 

Tt  should  be  noted  that  throughout  tills  uiLCUimion  tho  convoy  throat  area 
is  an  area  of  potential  threat  to  tho  convoy.  The  arec  exists  whether  or  not 
the  convoy  lino  knowledge  of  nn  attacker' b pronnnen  in  the  area.  Note  that, 
given  such  knowledge,  tho  higher  the  convoy  lu  attacker  spend  ratio  thu  moro 
likely  that  tho  convoy  will  be  able  to  auccc aufulJ.y  evade  tho  attacker. 

Tha  specific  goouwtry  of  llm  Convoy  Throat  Arena  in  Canon  lb  and  lo  in 
Figure  IV- 1 roaultiu  from  maintaining  tho  same  range  at  which  tho  attacker  can 

detect  thu  convoy  (n^  ) and  tho  uama  V^/V  ratio  (thus  the  unmo  G) . 

n 

Cuaa  la  i.;;  when  thn  range  of  the  attacker  u weapon  in  aero,  and  tho  attacker 

must  intercept  tho  convoy,  lb  in  tho  intermediate  ease  whuru  tho  value  of  Vu  lion 

• "a 

betwoon  that  of  V„  and  V arid  I hue  the  resultant,  convoy  I lire, it  eron  lien  liotwuan 

U A 

that  of  t'riuo  Xu  and  To.  Cane  ju  ia  where  tho  apeud  of  the  nttm.kcr'n  weapon  in 
greater  than  the  npaed  of  tho  convoy  and  greater  than  the  attacker's  Hpeed,  i.o., 
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In  Conn  Xo,  the  inatantanaous  nrua  ia  tho  agm  of  the  throat  arun  rnlati.vo 
to  the  convoy  cantor  generated  toy  a weapon  with  a given  range  and  weapon  to 
convoy  speed  ratio  (represented  by  the  offset  oirole  of  radius  and  the  pro- 
jection of  ite  diamator  along  tho  gonvoy's  projected  track  out  to ‘the  detection 
range  arc)  end  the  original  attackers  convoy  throat  area  from  Case  In.* 

Tho  resultant  areas  as  a function  of  ration  (from  1 to  S)  art  plotted 

in  Figure  rv-3  for  selected  ration  of  the  attacker' o weapon  mngo  1^  to  the  detec- 
tion range  Rn  . The  ax amp la  illustrates  a ease  where  v /v  ■ 6 (thus,  V > V 
A W A W C 

A A 

across  the  entire  plot).  Again,  the  oonvoy  threat  area  is  norma lisort  to  n value 

of  one  for  n threat  neon  thut  ia  a oirole  of  radiua  > 

A 

Note  that)  ae  expected,  a Vw  /Vj,  ratio  greater  thnn  one  generates  larger 
throat  areas  for  any  attacker  weapon  range  greater  thnn  aero  and  that  inciraue- 
ing  tho  weapon  rango  to  values  of  the  s«mo  ordnr  as  the  dotnotion  .range  drama- 
tically incrcuson  this  area,  In  this  era  of  submarine  and  nurfaoa  ship  launched 
BSM  three tu,  thin  region  .1  u probably  tho  more  roalintio  ono  In  which  to  lnvon- 
tigatc  the  utility  of  tipped  for  n convoy. 

Casa  II.  Attacker  Upend  firoator  thnn  Convoy  nptwfl 

This  cnao  in  of  current  Interest  In  that  it  probably  bent  represents  the 
current  convoy  and  throat  situation.**  Tho  pvoclno  geometry  of  tho  convoy  throat 


*Tho  inert  in  developed  by  tiotjuoni.ial  application  oT  the  relative  motion  hotwoen 
tho  watiponn  and  tho  convoy,  over  tho  diutuncu  the  weapon  can  travel,  mid  Ilia 
original  attacker  to  convoy  rulntivo  motion,  f.’olmlntlnnti  nhown  In  the  Appoiulix. 

**Wit.h,  tif  ciourne,  modi! Icntionn  lndiictul  )>y  limltn  on  at.laekor'H  speed 
by  other  faotoru,  Midi  an  do  tout  ion  of  a uubiimtlne  attackur'ci  radial  ml  noliiu 
by  encot  I n or  nurvui  1 lance  nyiit  uuui. 
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araa  la,  again,  dopcndont  on  the  relationships  among  nU  of  tho  pertinent 

paramotnrs.  However , in  a practical  sense  in  any  situation  whoro  tlia  convoy 

haa  a long  distanco  to  travel  to  its  deatinntion  and  tho  attacker  has  more 

than  a marginal  Hpeod  advantage,  tho  attacker,  having  dotactod  the-  convoy, 

©an  overtake  it,  further,  tho  attacker,  given  enough  weapon  speed  and 

weapon  range,  can  launch  the  weapon  from  aame  dintanco  astern  (ae  in  cane  lo 

where  V > V„) . Thus,  hie  required  dintanco  to  close  can  ho  vary  email. 

wa  c 

Xn  a practical  sense,  the  threat  area  can  be  considered  to  be  a circle  of 
radius  Rp  with  ite  eontor  on  tho  convoy  canter.*  Note  that  this  is  tho 
maximum  throat  nron  which  can  bu  gonoratod,  except  in  tho  t:aao  of  oxtarnal 
intelligonae  and  larger  attacker  weapon  rnngon.  In  thin  cane,  tho  convoy 
throat  araa  ia  a circle  whoae  radius  in  the  weapon  rango. 

An  Important  consideration  derived  from  the  affects  of  convoy,  attacker 

and  attacker  weapon  speeds  on  the  nisa  and  stiapo  of  i nntantaneoun  throat  nroas 

* 

is  that  of  the  impll cat  ions  of  convoy  escort  requirements. 

Escort  requirements  for  a convoy  can  bn  viewed  as  fulfilled  by  tho  product 
of  tho  capabilities  of  each  escort  timoti  tho  number  of  cucortn.  Required 
cacort  capabilities  as  a function  of  spend  ratios  are  discussed  in  the  next, 
section.  However,  tho  required  number  of  cucortn  of  n given  capability  1b 
a function  of  the  basic  Vc/V^  ratio.  This  is  indicated  by  the  geometry  in 
Figure  IV- 1. 

The  maximum  requirement  oxlntu  in  Cane  Jl  whom  Vft  > v and  threats  can 
be  located  unywhora  on  tha  perimotor  of  tho  circle.  In  Cwic  I escort  protection 


Tho  actual  area  i the  area  common  to  tho  Ity  circle  about  the  convoy  center 
and  tho  area  from  which  an  attacker  astern  could  clone  to  the  affnot  weapon 
rungo  circle  (ax  in  lc)  in  the  time  available  {before  the  convoy  completes 
its  transit  or  before  tho  weapon  rcnchciH  its  extreme  range)  . 
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is  required  only  across  an  era  botwoon  the  limiting  linen  of  approach.* 

This  io  illustrated  in  Figure  IV-d  which  indicatoa  that  relative  number 

of  oscorts  required  as  a function  of  Vj/v^  The  plot  is  normalised  to 

• value  of  1.0  for  Caoo  11  whore  the  full  perimeter  of  the  cirole.must  bo 

eovarad.  Note  the  discontinuity  near  V„  ■ V^(  which  is  duo  to  tho  nhift 

from  a full  circle  to  n semicircle  na  Vc  becomes  greater  than  Vft.  Note 

also  tho  incrouso  in  roquirements  when  > 0 and  Vw  ► (ns  in  CaooB 

a a i 

lb  and  Ic) . 


i 

I 

J 

1 

\ 

i 

f 

I- 

h 


\ 

| * Tliti  rorjui red  radius  of  the  oncort  arc  in  a function  of  ontjorl  to  attacker 

| speed  ration  and  tho  other  puramctorB  (i.u.  , oocort  quality). 


1V-B 


1'iyuro  IV-2 


Normalised  Throat  Area  Voruua  Convoy  to  Attackor  Speed  Ratio. 

Purpose 

This  fiyura  nhowu  the  relationship  between  normalised  throat  area  and 
convoy  to  attnekor  upend  ratio  for  the  cnao  when  tho  attackor  weapon  rango 
is  soro,  or  oqutvnlontly,  whon  the  wonpon  opeod  is  equal  to  tho  attaaker 

t 

•peed. 

Danis  for  Calculation 

Thin  graph  is  u plot  of  equation  H-4. 

Tho  Uireat  area  at  an  inntant  of  time  in  a function  of  convoy  spend, 
attacker  aposd,  attackor  radius  ot  detection,  and  nt.tnrknf  w,« nmn  r»nrm. 
Tli*  throat  a. oft  ropunontn  tho  area  from  which  an  attackor  cars  clone  thu 
convoy.  Whon  the  weapon  range  in  r.ero,  tho  attackor  mimt  intercept  the 
convoy . 

Thu  threat  area  In  normalised  to  the  cone  of  a circle  centered  nl  tho 
convoy  center  and  radi.ua  equal  to  tho  attackor'a  radius  of  detection. 

In  tho  f igure  i 

Vc  convey  npned 

- attackor' n npeed 

Vw  “ attackor' M wonjion  upend 

"a 

“ rmigo  of  attackor' a wonpon 
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principal  Polnta 

1,  Tor  n given  attacker  apood  and  radiUH  of  detection,  tho  threat  area 
decreases  with  Increasing  convoy  speed, 

2,  If  tho  convoy  has  external  information  on  potential  thruafcu,  the 
convoy  can  maneuver  to  achieve  the  loast  potential  threat. 

3,  Inaraasing  tho  convoy  to  attacker  speed  ratio  from  1.1  to  threo 
reduces  tho  normnliiced  thraat  urea  from  about  , 35  to  about  .10.  further 
increasing  'the  speed  ratio  from  threo  to  five  results  in  a much  nmallor  reduc 
tion  ' 10  to  .OS) . 


* 
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Figure  IV-3 


Normalised  Throat  Aroa  aa  • Function  of  Convoy  to  Attacker  fipeod  Ratio  and 
Attacker  Weapon  Range 

Purpose 

Thin  figure  shown  tho  rolutiennhip  bo tween  normalised  throat  area 'and 
attacker  weapon  range  when  the  attacker '«  weapon  apond  is  greater  than  the  con- 

I 

vay  apood  and  convoy  spend  in  greater  than  attnekar  speed  (i.o.,  vwJ’vc>VA*‘ 

a 

Paain  f or  Ca lou 1 a H on 
• Thin  graph  in  a plot  of  equation  El-Da. 

In  thin  figure  the  throat  aroa  iu  a function  of  convoy  npood,  nttnekor 
apood,  attncKer  dotaotioa  ruuyu  «mil  a c cache t wu.tnus  i.i.igc. 

In  tha  figure i * 

" attacker' n weapon  upend 

V.  “ attacker's  speed 

A 

Pr  i nnijpn  l_Po.l Into 

1.  for  u given  attacker  weapon  npood  and  weapon  range,  tho  eonvoy  can 
reduce  tha  throat  area  by  increasing  tho  convoy  to  al  lacker  npood  r.itio, 

2.  Au  the  attacker' i)  weapon  range  iu  increaund,  l ho  convoy  must  noli  love 
higher  convoy  to  attacker  spend  ratios  to  reduce  the  threat  aroa. 

3.  The- sovoru  problem  presented  to  modern  convoy  operations  ngalhnt 
high  speed  weapom.  in  depleted  by  thin  figure,  hot  us  suppose  that 

n convoy  had,  to  begin  with,  a spued  advantage  of  two  to  one  (n 


difficult  feat  in  ltnnlf)  and  tho  ratio  of  weapon  range  to  detection  range 
of  tho  attacker  is  ono-half,  with  a resultant  normnliaod  throat  area  at  about 
.48.  A doubling  of  tho  nttaokor'a  weapon  range  would  nocoauitnto  an  lnorcaBO 
in  tbo  convoy  speed  advantagn  to  about  5 to  1 to  maintain  tho  nama  throat  aroa. 
Mora  gannrally,  it  apptuirti  that  tho  ottnokar  haa  a highar  lovorago  in  creating 
throat  area  by  inoroaning  weapon  rango  than  tho  convoy  h«»  in  reducing  throat 
area  by  inareaning  npoed. 


Kiquro  IVr'l 


Normal lend  Number  of  Encorto  Rotju i rod  Vnreuii 
Convoy  to  At  thicker  Speed  Iiatio 


Normnli  nod  Numhor  of  E!noorto 


Convoy 

At.tuckoi 


S| i»;i •» I Kilt' to 
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Nguro  IV-d 


NormaliRnd  Number  of  lSucorta  Required  Versus  Convey  to  Attacker  Bpaod  Ratio 

• 

Purpouo 

Thin  figuro  ahowa  OBCort  roqulramentn  nn  a function  of  convoy  to  attackar 

Bpood  ration  qroator  than  ono  fori 

• Cano  In  whom  the  attackar  weapon  upend  la  equal  to  the  attaokor 

apaod  <Vy  >*  V^)  or  attacker 'u  wonpon  range  (It.  ) in  Roro. 
n Hn 

*D. 

v The  opoci.C.tc  enuti  where  Vw  2Vft  and  R.^  **  -j"  . 

*1  * 

Raw  In  for  Calculation 

Tho  npoilfie  number  of  oaoortn  rcauired  depends  on  tho  rociulred  ruillua  of 
thn  cncort.  coverage  arc  from  the  convoy  center.  Thin  m a funatlon  of  tho 
folatlvo  cnpahi.lit.leu  of  the  oncior t and  the  attacker  (Hcbncction  C)  . 

The  norma  1 land  number  of  oncori.r  (of  any  given  capability  agnlmit  a given 
attacker)  in  tlm  ratio  of  tho  required  angular  coverage  to  that  in  Cnurt  II, 
whore  tho  attacker 1 ij  opoerl  excoedn  tho  convoy  upend  and  full  circular  covorngo 
in  required. 

Pr  d jp.  * 1 J’o  1 n I j i 

1.  At  vary  nma.ll  convoy  upued  udvuntagcu  the  throat  utc  (and  the  tumlHlng 
normal  1 rod  urioort  requl  foment)  1 r*  very  ncmuitlvc  to  t lie  npuod  ratio  and  imion- 
(illive  to  the  at  tucker  1 n weapon  |iarumi.'t  era . 

2.  Incroau I iig  the  convoy  to  nttacker  upoed  ratio  dccteaanii  oacort  rcqulro- 


XV-17 


manta < At  ration  of  About  3il  tho  m.uginal  ruturnu  I j. c>n:  imtlior  incr  uniting 

convoy  npoert  nro  small. 

3.  Tho  nltnekor  cnn  counter  tho  convoy' a npocd  advantage  (and  increase 
escort  requiromantu  Cor  a givon  spood  ratio)  by  Increasing  hln  weapon  range 
and  weapon  opoad. 

VC 

4.  Cabo  II,  •*--  < 1,  is  not  llluntratcdi  nlneo  the  normalised  throat  ora 

VA 

in  thin  conn  in  unity  providing  the  attacker  cnn  tiiono  from  tho  rear  he  Coro  tho 
convoy  can  gomploka  it.n  trnnnLt. 
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C.  K.'il’OUT  HIT:l‘ll 


Theru  ate  two  important  encort  spued  ratioBi  escort  speed  to  nttacker 
■pood  (V  /V  ) and  encort  npeed  to  convoy  speed  (V./V,,) . The  first  in  roquirod 
to  inaura  timely  cloning  nod  countotntt.nck.lng  n dotoctod  threat  (before 
he  can  launch  bin  woaponu).  The  •neeond  in  to  insure  maintaining  this  doteotion 
capability  over  the  unsigned  area  relative  to  the  convoy.* 

1 , Escort  to  Attacker  t:pcod  jiatlo 

The  bane  ooao  for  escort  requirements  is  taken  from  Cane  II  (V.  > VJ  whore 

A C 

the  entire  porimcitur  of  the  throat  circle  must  be  covorod  by  the  oseorts.  Thoro 
are  valuoa  for  the  area  of  the  threat  circle  wherein  ovanion  by  thn  convoy  i* 
not.  an  optioni  those  valucn  are  determined  by  the  attacker's  weapon  range  and 
detection  rango, 

The  purpinu  or  the  encort  1b  l.o  detect  the  threat,  close  and  consummate  an 
attack  bofor'  the  at’ uckor  can  launch  hiu  wonpo...  Thu;,,  the  parameters  for  oocort 
quality  are  the  V),/Vft  ratio,  and  the  maximum  rnngo  of  the  escort's  weapon. 

Pi  guru  Vl-fi  plots  the  number  ul.  escort:,  requited  au  a function  of  Vj,/V^  for 
the  lndlcnied  ration  of  the  encort  weapon  range  Mid  deled  ion  dint  .moo.  Tim  fig- 
ure determine!,  the  escort  requirements  to  count  or  tlm  attacker  before  ho  cnmmj 
within  woapon  range  to  the  convdy  center. 

Kor  an  intercept  io  take  place,  Uut  detection  distance  nmul  he  greater  than 
thn  ntlncknr'u  weapon  range.  The  dintunen  over  which  intercept  can  occur  in  tho 
di f forinicu  between  the  detection  distance  and  the  at  t.nckur ' ri  weajKin  i.mge.  Hence, 
incroarilng  the  detection  dlmnnce  given  Ilia  encort  moie  rUiitniuo  (and  lime)  to 
intercept;  t lie  at.  lacker. 

*Note  I tint  when  V > V , and  the  geonnit  ry  la  otheiwlne  favorable,  a timely  escort 
h A 

detection  of  a threat  Can  tie  Irilliiwed  liy  ninreieirul  convoy  ov.mioii  of  t tie  tlitnat. 
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2.  Kurort  Sprint,  iil'fnl  Huge  i n-monts 

Tho  purpose  of  tho  oooart  in  to  clone  end  eonsummat.a  an  attack  before  the 
Sttnekor  can  launch  hin  weapons , The  nttcokor  could  bo  detected  by  oithar  tho 


oacort  or  noma  other  system,  in  which  cone  the  escort  notB  as  a pouncor  who  is 
vectored  to  tho  datum  by  tho  noarching  systam  onco  n contuct  ban  boon  ontablinhed, 
and  consummates  the  attack.  In  this  cane,  tho  escort  may  uuc  nprint  speed  to 
provide  timely  prosecution  against  attackers  around  a convoy. 

An  oscort  using  continuous  acoustic  search  to  snnitizo  an  oroa  around  the 
convoy  is 'limited  to  slow  search  speeds.  Honco,  in  order  to  < acort  convoys  with 
a speed  of  advance  greater  than  snout  15-20  knots,  tho  oacort  must  ubo  sprint-drift 
tactics  (defined  and  diLcussed  in  Soction  II,  pp  11-14-16). 

To  provide  tho  deBirod  acoustic  coverage  around  tho  throat  arou,  the  oscort 
must  maintain  n speod  of  ndvanco  equal  to  or  greater  than  the  convoy  speed  of 
advance.  The  ascort'n  speed  of  advance  enprbi’ity  ir  '•ctermlnod  by  the  combine 
tion  of  his  sprint  sooed  and  his  virtual  speed.  .Virtual  spued  is  tho  ratio  of 
detection  range  while  drifting  (which  in  a dotorminant.  of  the  sprint  distance) 
and  the  drift  time  required  for  each  noarch  period.  Thun,  to  maintain  the  re- 
quired speed  of  advance  (equal  to  the  convoy  speod)  the  escort  must  achieve  the 
proper  combin  tion  of  nprint  speed  and  virtual  speed. 

Figure  IV-G  indicates  required  escort,  sprint  speeds  an  a function  of  convoy 
speeds  for  selected  virtual  npeods.  The  accompanying  information  nhnot  dlscuftnoo 
the  advantage  (in  rvduced  escort  sprint  speed  • oqui reir.  u.Lh)  of  a tactic  which  em- 
ploys two  leap-frogging  sprint-drift  escorts  for  each  oocorl.  utotion. 

In  addition  to  the  implied  trade-off  of  escort  sprint,  speeds  with  escort, 
foreo  levels',  It  should  bo  tinted  that  the  loap-f rogging  lactic  may  provide  a 
means  to  overcome  technological  barriers  (combinations  of  limiting  sprint  speoda, 
maximum  detection  ranges  and  Minimum  drift  times)  preventing  nprint. -drift  oacort 
protection  of  very  high  npoed  convoys. 
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Figure  IV- 5 


Number  of  Escorts  Required  to  Provide  Tim- • 1 y Prosecution  Around  thd 
Entire  Circumference  of  a Thro n t Circle  Vereun  Escort  to  Attacker  Speed  Ratio. 

PurpoBo 

The  purpono  of  thio  graph  is  to  ohow  the  number  of  oscortn  roqnirod  to 
provitlo  timely  prosecution  around  the  entire  circumference  or'  a threat  circle 
as  defined  in  Case  II,  versus  on  cot:  l to  attackor  opeod  ratio  for  various 
dataotion  distances  and  weapon  ranges. 

Ilaaia  for  the  Cn lcul.atl.on 

Thio  graph  io  a plot  of  equation  0-1D. 

This  io  a onou  to  illumlnntu  the  escort  versus  nttnekor  problem.  In  thin 

case,  the  speed  of  the  convoy  in  much  lcen  thun  the  attacker's  speed,  honcc, 

maneuver Inn  by  the  convoy  to  avoid  attack  In  not  considered. 

In  this  calculation,  the  attacker  detects  tho  convoy  and  approaches  toward 

the  center  of  thn  convoy  with  constant  course  and  spood  (Vft) . The  attacker  is 

detected  at  n detection  distance  (It.  > from  the  convoy  and  R_  ie  greater  than 

lJc  , Dc 

the  attacker's  weapon  range.  The  detection  could  lie  made  by  the  escort,  or  other 
systems  (such  an  natal  1 i Loti)  In  which  case  the  encot  t.fi  act  nn  pouncern.  The 
time  the  escort  linn  to  intercept  the  attackor  in 


where  Rj  in  soma  distance  greater  than  the  attacker" a weapon  range 
mnauured  from  the  center  of  tho  convey. 

The  sector  angle  which  can  lie  covered  by  s single  cucort  is  n function  oft 
escort  spued,  time  (t),  and  escort,  weapon  range,  The  mmibnr  of  cuicortu  required 
iu  determined  from  tho  sector  coverage  of  a single  escort. 
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Principal  i'olntu 


1.  For  a given  detection  to  intercept  diotonee  ratio,  thu  number  of  eo- 
cotta  required  can  ba  reduced  by  either  incronsing  the  escort  to  attacker  speed 
ratio,  or  by  increasing  the  cacort'n  weapon  range.  For  example,,  the  number  of 
oecortB  required  in  the  case  whom  tha  escort  to  uttnokor  speed  ratio  is  unity 
And  the  escort  weapon  range  ia  .35  times  the  convoy  force  detection  range  is 
about  5.2.  Increasing  the  cncort  to  attucknr  speed  ratio  to  2.1  roduaen  tho 
requirement  to  about  2.0  oHCorta.  The  name  reduction  can  bo  achieved  by  doubling 
tho  escort  weapon  range. 


Figure  IV-fi 


Escort  Sprint  Speed  Koquirod  for  a Qivon  Virtual  Up  owl  an  a Function  of  th« 

Convoy  Speed  of  Advance , 

Purponci 

.Tho  purpono  of  thin  graph  in  to  ohow  the  escort  sprint  Bpeed  und  virtual 
•peed  (Vy)  required  to  aucort  a convoy  with  a given  opood  of  advance. 

Panin  for  Calculation 

This  graph  in  a plot  of  equation  0-30. 

Tho  oucort  muiih  maintain  a spend  of  advance  equal  to  or  yrcatnr  than  tiio 
convoy  npeod  of  advance. 

Tho  escort 'a  speed  of  advance  capability  is  determined  by  his  nprint  speed 
and  the  percentage  of  the  time  he  soendn  drifting  The  per/'nntngc  time 

drifting  (i.o.,  nnurchimj)  .lu  dotorminod  by  tho  required  timn»for  oaoh  nearoh  < ) . 

**  ■ • 

The  frequency  of  ueartlt  in  governed  by  hio  sprint  distance,  which  ia  a dopendont 


Virtual  upoed  in  defined  nu  nprint  dintanoo  divided  liy  time  to  noarch. 
Sprint  dintanco  in  the  dlntanco  between  lintaning  periodu.  Tn  the  case  of  a 
single  oucort  for  the  a u mimed  senreli  coverage  (nee  Appendix,  Section  B)  , nprint 
di  stance  equal  a the  tUitri'tinn  range , 

The  minimum  oucort  nprint  speed  requl remont  is  Uut orminod  by  tho  erioort ' a 
roguired  overall  spend  of  advance  (convoy  npecd)  and  thn  bout  nchiovnblo  trade- 
off of  increantng  the  nennora1  detection  range  (11^  ) or  the  number  of  nnoorln 

uo 

assigned  to  nneh  nprint -dr J ft  coverage  area  or  by  decreasing  the  drift  time  re- 
quired to  complete  a search. 
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principle  Points 


1.  The  virtual  upend  of  Iho  oucort  has  the  dtmcnntona  of  velocity  and  rap 
roscntH  the  limiting  voluo  of  tho  convoy  upood  of  advance  that  tha  oucort  onn 
Batinfy  at  any  aprint  opand. 

3.  Pol-  any  given  convoy  upend,  as  the  virtual  upood  of  the  oncort  in  in- 
oreaaod,  the  nprint  apeod  requirements  aro  decreased.  This  impliou  a trade-off 
botwoan  virtual  iipoed  and  aprint  opood,  i,o.,  if  olthor  the  detection  range  can 
ba  lnoraaund  or  tha  required  drift  time  dooroanod  then  loan  sprint  speed  oapa- 

I 

bility  will  ba  required  to  maintain  the  given  oemvoy  upend  of  advance. 

3.  Por  a fired  time  to  aenroh  and  a fixed  detection  range,  the  virtual 
upend  can  bo  incrcnnod  by  incroauj  ng  tho  number  of  oucortu  and  uiiing  thorn  in 
loapfrog  geometry.  Por  axnmple,  » 30  nm  and  t,3  ■ .3  hrn, 


“ 103  and  to  maintain  a convoy  upend  oi  00  knokn,  for  a Dingle, 

" D oprlnt-drlft  eocnrt , 

vv  “100  and  the  required  oprint  npecd  lu  150  knots  (wliicli  far 

axceodn  l lie  currcnL  cut. (mute  at  which  the  uanstir  cun  bo  towed 
wliilc  ujir inti ng)  . 

For  two  leap-frogging  oucortu, 

Vv  » 200  and  the  required  nprint  npred  for  each  eiicort.  in  05  knotn 
(which  may  be  a tonnlblo  towing  npued) , 


D.  lNI>F.I’l:Nni;NT  i; a 1 1, INC.fi 

Ths  previous  discussions  on  convoy  epoetin  and  escort  requirements 
Opons  tlto  quant. Jon  of  independent  nailing  vornuti  convoyn.  Thoro  oro  realms 
where  one  or  the  other  In  the  obvious  choico. 

* 

Independent  nailing  is  preferred  when  the  convoy  to  attacker  npoed 
rotio  in  higli  and  the  attacker '0  weapon  spoort  nnd  range  are  nuoh  that  the 
threat  area  remainn  nurrow  and  the  added  benefit  of  escort)  in  marginal, 
compered  to  thu  price  to  achieve  the  requisite  ripood,  dotocticn  range,  weapon 
range,  search  rate  or  t.hn  desired  combi  nations,  The  benefit  of  oncortn  can 

b*  sero  an  in  the  ounn  of  thu  high  speed  independent  whips  (o.g,,  yuoon  Mary) 
usod  in  World  War  II, 

Convoys  may  ha  thu  proper  choice  whonovor  the  convoy  npoctl  in  lean  than 
the  attacker  spend,  or  when  the  convoy  npood  in  loss  than  than  thu  attacker's 
weapon  speed  and  curorts  ponitoan  the  requlnl'.q  opond,  detection  ranae  and 


weapon  range. 


E.  BUMMAIty  AND  C0NCUIU10N8 


This  Beetle'll  lnvont (gated  the  roliitlonnhip  bntwoen  tho  ratio  nf  npcodH 
of  tho  variouti  forccn  involved  and  the  other  important  vnritibleo  in  convoy 

t 

operations.  Tho  foraou  considered  were  convoy  nhlpa,  oacorta  and  attackeru, 
In  convoy  op<"  a.  ionn  the  attuckora  aro  yonorally  thought  of  n»  ontntiy 
aubmarincB,  with  ■.  n of  a maximum  of  n few  tens  of  knots,  Tho  mnthodoloqy 
prouonted  in  thin  onnlyuin  iu  gcinornl  onouejh  to  extend  to  attackoru  which  are 
onomy  advanced  vehicles.  Katies  of  convoy  to  attacker  upend n or  xoro  to 
five  wore  eonuldured  and  "micro-tactict*1  were  not  eoiiBldored. 


1 • AUnckor  Aqalnnt  Convoy  Chip 

Tho  effect  of  convoy  apood  wao  trontod  in  two  cat.ecjorUiai  convoy  tipuud 
oreuler  than  or  omwil  to  attacker  npood.  and  ronvny  speed  lean  t-han  nM-arl-m*- 
upend. 

The  principal  point.n  in  attacker  ntjntmit  convoy  whip  nCoi 
a.  Increiin  I ng  tho  convoy  to  at  lacker  upend  ratio  redueon  the  throat 
area,  ini  I thin  effect  t*i  modi  fil'd  ny  lhe  v.iluon  of  other  paranictorii 
(i . e.  , npond  and  r.ini|o  of  the  attacker1  a weapon), 
h.  IncromiiiKj  the  convoy  to  attacker  upend  ratio  nine  opeinlew  to 

reduce  tho  reipitred  number  of  nncortn  of  a given  c.ipnhi  1 I t:y , ("lain, 
with  mod)  f tent  iotiri  induced  by  I be  valunn  of  the  other  I'.irnniolorii, 
c.  Koi  convoy  upend  lenn  tlniti  ntt  acker  npeed,  l lie  at  t .inker , ijiven  enough 
time,  I'nn  ulw.iyn  overt,  ike  I lie  convoy. 
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2.  Kte-ort  AgntnM  At  inch  or 

In  the  tiiii'ilyni  m t * r encort  vet  me  attacker,  two  lii.pni  t tint  encort  npced 

ratio*  omoryci  nncort  spaed  to  attaekar  npoed,  nml  cwcort  iipoed  to  convoy 
■pood.  The  flrut  ratio  in  required  to  innurt*  timely  cloning  owl  countnr- 
Attactkiug  the  detected  throat.  The  nocoud  in  to  insure  ntninl aiding  thin 
dataatlon  capability  over  the  amiignod  .iron  rolalivc  to  the  convoy. 

Tho  principal  pointM  in  uncork  agalnnt  attacker  arm 

a.  Increasing  the  convoy  to  attneknr  npeod  ratio  reducon  the  number 

of  onuortn  required  by  narrowing  the  front  to  be  covered)  lncronning 
the  oecorl  to  nttnekor  speed  ratio  increatiet)  tho  nectar  oovernge 
of  thin  front  and,  hence,  further  redeem  tho  number  of  cscortn 
required. 

b.  The  Doctor  coverage  of  tho  encortn  can  nine  he  incriianed  by  inernaning 
encorl.  quality  (i.o.,  by  Incroaning  the  otfoctivo  range  of  tho  encort'n 
woanonn  and  i nrrtmniml  the  reqiilni  te  range  nf  dni-nrHnn  t-n  the  atracker)  . 

c. '  for  convoy  opcode  greater  than  tho  limiting  npeod  of  continuoun 

acolintie  Dearcti,  tlie  encorl  inuat  line  npilnt -drlf  l t notion . 

d.  An  OBfnrt  lining  nprlnt -drift  tael . leu  muni  maintain  a npeod  of  advance 
equal  to  ot  gi  eater  than  the  convoy  npnod  of  ndv.iice.  Thu  parameter 
which  cle t urml non  the  eucort'ti  nprlnt  upooil  roqut remont ii  in  the 
Virtual  nponri,  which  in  n function  of  tho  nnnnor'n  ncountlc 

dol  ed  ton  range  and  nearch  lime,  i.o.  , drill  time. 

o.  Multiple  npr  I nl-dr  I f l niicort  n employing  leap-frog  lacllcn  can  relax 
count  raint  i>  on  max  I mum  encurt  npecdii  of  advance. 

.1.  iJidopeiuli.Mit  ftal lingo 

Tho  quentlcm  of  irnlepemlent  nailing  wuu  eon ol derail  qualitat  ively  banud 
rrn  tho  ronultn  of  the  provlouii  aiialynin  on  convoy  againnt  attacker  and  encorl 
oqalnut  attacker. 
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The  pi-  .1  tie  i | m l pill  111 involvnl  in  r))o'>:>ilU)  nr  i n>  li)  n'tiiliih  l. 

Ballings  arm 

If  thn  pipeline  In  composed  of  high  speed  nhlpa  and  the  ntl acker 'u 
capabilities  «ro  limited  (u.g. , mibnmrt non  with  torpedoes  only)  ihicIi  that.  thin 
convoy  npeod  can  produce  email  anti  narrow  throat,  arena , independent  na.ll.lnq 
may  bn  tho  propor  choice,  If  nuch  "convoy"  ttpoodn  are  nine  euitenl  lolly  beyond 
the  npeod  capability  of  effective  wimi  t,  independent  nailing  in  a clone  nhoi.ee . 
If,  however,  thn  enemy  throat  (rturvoi.1  lanco,  npnod,  weapon  range)  irt  relatively 
inaennitivu  to  convoy  npet'd  (o.g,,  aircraft,  mlnnilon)  and  onocirtn  can  provide 
effective  protection,  convoying  may  ho  the  proper  choice. 


Tho  gonarn).  aonelnnion  of  thin  section  on  convoy  oporntiimu  in  that 

relative  upends  and  upend  ration  are  not  mifflciont,  In  thoimiolvon,  to  determine 
adequate  mnnnurrn  of  of fret  1 venenn . Other  modifying  parameter'll,  nuclt  an 

dolei'llon  range  ami  weapon  effect  1 vonoi.ii , can  often  compcinml  e lor  speed 
clef  let  pact  on . 
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SECTION  V.  flBAUCH  OPERATIONS 

At  INTRODUCTION 

This  section  nddrounon  the  qonornl  noarch  problem,  identifies  thano  nltuationo 
where  search  vehicle  spaed  influences  the  effectiveness  of  the  search  and  Indicates 
tho  goharnl  nature  of  the  potential  payoff,  if  any,  resulting  from  incroaoed  plat* 
form  speed . 

Tho  basic  problem  in  to  quantify  the  effect  of  upnod  of  tho  uuurching  vehicle 
on  n moanuro  of  search  of foativcmasu,  such  as  search  rotes,  probability  of  detection, 
or  number  of  detections  pet  unit  time. 

Clearly,  for  tho  clans  of  nonnorn  whoHo  detection  range*  is  not  nonsitivu  to 
search  platform  apsed,  increasing  search  speed  capability  will  incrcnnn  the  achiev- 
able noarch  rate  (area  uonrnhod  per  unit  timo)  , There  is  nlwayu  tho  quciution  of 

> 

whether  or  not  tho  incranse  is  worth  the  effort.  Whon  tho  detection  range  in  very 
long  (a.g.,  air  search  rnrtarn)  the  benoflt  of  incrcanlng  the  platform  speed  may  not 
bo  vury  important.  Conversely,  in  tho  case  of  a short  rungn  nyntnm  auch  as  a mag- 
netic anomaly  detection  (MAD)  nyntnm,  effective  search  upend  in  the  principal 
determinant  of  search  rate. I* 

Acoustic  searches  differ  .Importantly  In  that  the  detection  range  of  a 
acinar  is  degraded  bv  a complex  combination  of  factors  (primarily  noise).  One 
of  thuse  factors  is  the  flow  noise  around  the  non  nor  housing.  Thin  nnliio  inernnson 

I 

with  search  speed . Thus,  in  tho  speed  range  where  flow  noise  is  a major  factor, 
tho  detection  range  verier*  invet  rely  an  tho  speed  of  tho  near  -It  vehicle.  Ririeo 
the  other  dimenuiem  of  I ho  nenrch  rate  ia  directly  proportional  to  tlin  search 
speed,  tho  axi n toner  of  an  optimum  search  spaed  is  implied. 

* There  are,  of  course,  Itmiui  insofar  an  the  ovciall  search  of  fecit  vuiioihi  of  n 
system  involves  factors  auch  as  integration  timu  for  a detection,  c.lansifl- 
cstion,  etc. 
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Hilt  analyt'in  addrnsium  the  utility  of  speed  in  tho  case  of  a single  onnrch 
vehicle,  employing  nn  acountic  sensor  and  conducting  random  nnnrchos. 

Bonroh  with  prior  information)  multiple  nonnorM  and  other  aonaorn  nuch  ns 
radar  or  MAD,  nr o connidored  in  tho  flections  on  attack  nnd  aauntarattack,  convoy 
and  puruuit,  wherein  tho  aemrehar  (upon  detection)  u»pb  speed  for  some  other 
function)  such  an  local! ring  and  attacking  tho  target. 

Thoro  are  two  important  factors  which  tend  to  bound  the  upend  range  of 
intarast  for  neounlic  nearoh.  For  nurfneo  or  near  uurfacn  platforms)  flow  noians 
at  speeds  in  oxeauu  of  about  10  knotn  reach  n level  at  which  the  detection  range 
is  for  all  practical  purponoB,  Xero.  Herculean  donign  efforta  appear  to  be  necennary 
to  produce  nny  .lncra«no  in  thin  limiting  npoed. 

At  vary  law  nptiodn , tho  combination  of  prevailing  background  no! bo  in  the  uun 
and  tho  machinery  noiso  componuntu  of  self  noise  dominates  the  problem.  ThuDi  tho 
theoretical  detraction  rnngoo  which  might  bo  achieved  in  a nolmtloHU  environment  do 
not  occur  in  the  lual  world.  In  general , detection  ranges  arc  limited  by  the  envir- 
onment to  u constant  value  until  searcher  speed  rnnelnnt  about  10-1!>  knots,  and  then 
decreanc  with  incroriiilng  npoed,  reaching  the  apro  value  at  about  10  knoln. 

Thus,  tho  anarch  iipood  of  Interest,  for  the  foronnoabln  future,  lien  between 
10-15  knot  a nnd  about.  SO  knotn.  Tills  Diiggnstu  that  t.hn  projected  upend  capa- 
bilities of  moiit.  of  tho  advanced  naval  vehicle  concepts  (with  the  poiintblo  except  inn 
of  HWAT1I  ship")  qntn  little  or  no  support  from  tin*  anarch  rundimi.* 

Wo  add  re  ii  n two  general  invireh  operat  lonii  i liarrlnr  f'.narcli  and  ripen  Area 
Honrch i 

The  ban  J er  operation  roprimontii  a well  del  lin'd  area  to  bo  Moarrliod  with  a 
high  expectation  that  a target  may  attempt  to  (rniinil  tho  barrier.  The  harrier 

i <I'hTi77n  "not  ext  1 rely  trim  nliiao,  in  Dm  an.ilynin  ol  nprl  nl  - dri  i t or  flying- 
drift  iioarch,  we  rind  a clear  cmici  for  lilyli  HprinMinj  (m  Hying)  ripoedu 
botwuen  tiearch  purlodu. 
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ill  taken  lei  tie  |«ei  1 1 i need  net  oral  animal  nubltiar  I tie  t r/iii<i  i t Inneti,  nuedi  nil  V til! 
Q.t.U.K  gap.  A Harriot  front  ol  JUO  nm  per  barrier  unit  in  mind, 

The  open  nron  search  repronont*  a random  nncount  with  no  prior  expectations 
of  ths  pruoonce  or  obnonen  of  a tnrgat  in  the  unarolt  area.  The  of  footlvonaiw  of 
open  nron  aonroh  iw  dependent  on  thn  donnity  of  targotu,  l.o.,  the  number  of  tnr- 
gatn  pur  square  nautical  mile,  This  target  density  i o correlated  with  tlui  target 
system  bane  loon  factor  concept  Introduced  in  the  ooction  on  trannit.  As  tha 
target  distance  from  port  inorunrieM,  tho  number  of  platforms  required  to  keep 
one  on  ntation  wilt  aluo  increnno.  In  addition,  tho  total  eren  in  which  tho  tar*' 
gotu  opornt.o  will  nluo  inuroaeo  with  diet once  from  porti  honcc,  the  target  domity 
will  diicreonn  with  diutnnoo  for  a givun  target  force  level. 

Tha  naarcih  techniques  ttOdrctmad  in  thin  analysis  arm 
• Continuous  active  and  pnusivo  search 
e Sprlri.-dri.ft  srnrch 
e Plying  ■drift,  anarch 

Initially  an  idealised  environment  (with  no  background  noise)  in  nonumnd. 
Thin,  thorn foro,  ronuHn  in  indications  of  optimum  iipondn  which  nre  lower  than 
iinu'ii  intuit  ion  ur  experience  would  Indicate.  Applying  a mean  level  of  back- 
ground nnliic  haa  llm  effect  of  clipping  nil'  llio  detection  rangeti  at  lower  tipiKidli . 
Thun,  one  ran  expect  to  find  real  I title  optimum  aeareh  npeodu  between  about  10-15 
knotn  and  about  20  knntii.  It  in  important  to  nolo  that  the  UivuVh  of  offeutivn- 
noun  at.  tlion*  nptieih  are  lean  than  thoue  for  the  fdonUxed  cana. 

Tho  ideal  I rod  i.vine  wau  elionun  for  graphical  cl  I tipi  ay  bneauno  It  i 1 lun  tra  tea 
the  methodology  while  at  (lie  name  time  avoiding  the  vngarJon  of  geography,  sen- 
Bonu,  time  of  day,  and  weather  which  nre  not  the  principal  nroau  under  investi- 
gation. 
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B. 


BARRIER  SEARCH 


The  purposes  of  this  portion  of  the  analysis  to  to  investigate!  tha  impact 
of  soarah  spsod  on  tho  probability  of  dotccting  a target  attempting  to  transit 
a barrier. 

A single  noarchcr  conducts  a random  search  in  a harrier  with  front  equal 
to  250  nm  per  barrier  unit. 

Tho  methodology  tind  results  nro  extendable*  to  barriers  of  any  length i in 

t 

general,  abso.luta  values  of  probabilities  of  detection  will  change  but  optimum 
speeds  derived  herein  (in  tho  ldoaliKcd  case)  do  not  change. 

In  tho  case  of ' continuous  boa  fell,  the  detect  ion  range  (swoop  width)  dc.croosGn 
.with  incronsing  speed  duo  to  self  noise  concidoraiinna.  Rolf  noise  is  composed  of 
background  noise,  machinery  noise,  and  flow  noine.  Of  those  component!!,  flow 
noise  ir.  directly  dopcr.dcr.t  or.  speed;  hs.-.os,  for  purposes  sf  analysis,  the  other 
components  were  considered  to  be  constant  and  attention  wan  fticuned  on  flow  noise. 

Flow  noine  directly  afflicts  sensors  using  broad  , ind  detection.  By 
improving  the.  design  of  satin  i dome  a and  utilizing  narrow  hand  signal  processing, 


the  effect  of  flow  noii.u  on  detection  capability  can  he  reduced. 

With  broad  band  detection,  the  benefit,  derived  from  increased  npeod  is 
offset  by  degradation  of  sennor  capability  with  self  noises. 

In  either  enne  (narrow  or  broad  band)  since  there  in  a component  of 
Search  rate  which  increases  with  speed  and  another  which  decreases  «:i  rjicetl 
in  inernaned,  an  optimum  search  speed  in  implied. 

In  tho  case  of  sprint. -drifl;  search,  the  detection  range  in  not  degraded 
by  search  r.peed  since  tin;  searcher  lim.cim  only  during  the  drift  portion, 
However,  the  spued  of  advance  is  direct  ly  affected  by  t lie  detect  ion  range 
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and  drifting  timo.  Using  passive  nonuors,  such  as  lowed  arrays,  about  Mvo 
minutes  are  required  for  the  array  to  sottlc  dowm  and  the  average  proconstng 
time  is  About  fifteen  minutes,  nonce,  a drift  time  of  0.3  hr  is  used.*  It  in 
generally  accepted  that  the  next  generation  of  towod  arrays  (ICC  1.9BO)  will  bo 
toweblo  at  speeds  up  to  00  knotu.  'Therefore,  throughout  this  annlynls,  it  in 
assumed  that  no  time  is  roquirad  to  deploy  and  rotrievn  the  array  whon  sprint 
opueds  of  00  knotn  or  loss  arc  used.  In  the  cane  of  flying  drift,  whore  the 
array  cannot  be  towed  while  flying,  a total  drift  timo  of  1.5  hours  is  assumed. 

I 

Thin  allown  an  additional  1.3  bourn  to  account  for  tho  time  to  deploy  and 
retrieve  the  array. 

Tho  following  figures  develop  a general  quantification  of  tho  utility  of 
vehicle  npeod  in  conducting  n barrier  search.  The  discussion  sheets  which 
accompany  tho  figuruu  illuminate  tha  principal  point n of  each  graph.  Figure 
V-l  nddremsau  tho  idealised  casa.  Subuuquuul  figure,,  assume  a cowtinution  of 
background  ,.,id  self  noise  nuch  that  the  detection  rang"  is  constant  over  a 
searcher  speed  range  from  zero  to  ton  knots. 

It  ill  import. ant  tu  note  that,  in  general,  tho  assumed  detection  ranges 
are  optimistic  for  present  systems.  They  are  viewed  mi  the  maximum  perfor- 
mance levels  which  iorouoonblo  toclmology  may  produce. 


* "Analysis  of  Punitive  Ranging  Tactieu  Uniny  a Towed  Array,"  TKW  Report, 
13  Suplumbnr  1*JV3. 
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rigura  V-l 

Degradation  of  Pnsuivo  Datoction  Range  Duo  to  Flow  Noioo  Versus  Spaed, 


Purpose 

Tho  purpose  of  thin  graph  la  to  show  tha  Impact  of  flow  nolaa  an  a 
function  of  npccd  on  the  pnnalva  detection  range  of  a hull-mountad  nonar. 


Basin  for  the  Calculation 

Tltla  graph  ia  a plot  of  equation  C-l.  RQ  ia  tho  dotection  range  at 
aero  speed  for  an  idoaUHad  catiOi  wherein  tha  of  foot*  of  background  noiso  and 
internal  wolf  nolaa  on  Ra  arc  assumed  to ‘be  Haro. 

T^a  moaeurod  data  In  taken  from  R..T,  Wrick  Princ JSfiund 
i f 9 . 5. > which  gives  a vnl.ua  for  tha  i ncraaticf 'in  ‘flow  noiuo  o?T,0*  db/knot 

i TrTtho  spend  range  10-20  knots.  The  fitted  curve  la  in  good  agreement  with 

| moaeurod  data  in  thin  speed  range. 

The  d railed  curve  repranantn  tho  improvomcmt  In  dotoctinn  range  which 
eoultl  hn  cur, acted  if  n *>n»  reduction  in  flow  I”' ire  were  obtained. 

Principal  PolntB 

1.  Tho  dotection  range  for  liul  1 -mount cd  non. nr  dt’crnnuon  with  the  cube 
of  the  upend  in  the  given  npoed  range. 

2.  Reduction  in  flow  noise  by  improved  dnilqn  or  coaling  should  tnmilt 
in  increased  dotcctioi  range  and  cU>cri*uncd  Hciiiiltivlty  ic>  speed. 
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hrnbnht l l ly  of  Ac- live  Detection  of  n Trail!!  1 1 t ntj  biihmnr  Inc  Veriiini  IP'.it  i:h 

■pond  tor  Conti  minim  Search. 


Purpose 

The  purpose  of  thin  graph  is  to  display  tho  probability  of  dotoetlnq 
a submarine  tranni ting  a barrier  using  continuous  active  search  for  Various 
transit  speeds. 

Basin  for  the  Calculation 


In  the  npood  range  0<  Vi  10,  the  range  of  detection,  n,  is  approximately 
constant  (■!<_,  tho  maximum  range  of  detection).  In  this  opsoinl  eano  equation 


C-6  slmplifion  to 
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For  V i 10  the  range  of  dotoetlon  doernaoes  with  inoronuing  spued  as  In 
oquat.ion  C-l,  Thun,  equation  C 

V*  ■ 1 - 


!-6  becomes 

[Ni  „ -o(V-lO)  1 

f 2V  i 

U ' 
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A value  of  25nm  In  uaod  for  RQ  , which  correspond*  to  a hull  mountod  Bonar 
under  ideal  acoustic  conditions,  i,«,,  low  nee  atato  and  buategound  noiao.  The 
value  fo*'  tn  nn  opHmisMn  etioien  for  tho  maximum  detection  range.  How- 

ever, diftoront  cholooo  of  Hq  would  not  nignif icantly  change  the  shape  of  tho 
curves,  » 


It  wan  assumed  that  the  target  speed,  VB,  had  negligible  effect  on  tho  active 
search  detection  rnngei  that  in,  we  ignore  pooniblo  returnH  from  target  wnko. 

hr i_nc: lj>l  c Po i ntn 

1.  for  continuing  eotivo  aoarch,  the  probability  of  dotoetlon  dacruanou  with 
lnareanlng  (argot,  speed  due  to  tho  nhortor  time  of  transit  through  tho  barrier  for 
highar  npoodu. 

2.  for  the  assumed  coiultllomt,  ttio  curvo  displays  an  optimum  near  oh  npood  of 
nbout  1U-10  knot  a, 

3.  At  higher  spends,  the  p.-obuhility  of  datncLtan  doertmanw,  Binco  increasing 
flow  noise  decreases  the  figure  oi  merit,  of  ttio  nennor.  Thun,  it  appears  that 
hlgli  spued  advanced  naval  vehicles  have  limited  ai>plicatlon  in  coni Inuouu  active 
noarch. 


♦C'YCMH'l! , Volumo  V,  IX,  Center  for  Navoi  Analyaeu,  Study  II d V , 1567.  (ilFCUCT) 
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Probability  of  PasbIvo  Dntoetlnn  of  ti 
TranaltJng  flubmarimi  VortuB  SciArt'h  fi)mod  for 
Contlnuouo  Snatch 

Probability  of  Dotoction 
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Figure  V-3 


Probability  of  Passive  Detection  of  a Transiting  Submarine  Vo  mm 
Boaroh  Speed  for  Continuoun  Search. 


Purpoaa 


The  purpose  of  this  graph  is  to  diuplay  tho  probability  of  detecting 
a submarine  transiting  a barrier  using  continuoun  passive*  march. 

Basis  for  the  Calculation 

This  graph  ia  a plot  of  aquation  C-6.  In  equation  C-6  the  dependency 

H 

of  tho  probability  of  detection  on  target  spaed  occurs  au  a ratio,  °,  i.o., 

VB 

tho  rutlo  of  the  datooti.on  range  at,  lava  search  spend  to  tho  target  upend. 
It  can  bo  shown*  that.  K increases  approximately  linoirly  with  target  speed. 
Tho  BfiAMIX  Study  provides  tho  following  relationships. 


Tarqot  Snood  (knots)  Detection  Range  (nm) 

10  3& 

20  HO 

30  7H 

The  rntlo  for  this  computation  is  7,5  hours. 

1'iLi.ne  I pa  1 I'o  1 n t n 

1.  Tho  probability  of  detection  in  J ndimemlont  of  the  target  spued,  no 

ft,. 

long  us  tho  ratio”  In  a connlant.  Thu  ratio  for  thin  computation  in  2.5  (hours). 
VS 

2.  Thu  optimum  anarch  speed  occurn  in  tho  range  15-IH  knotn, 


»KI:?VM1_XI , C'NC),  SynUmm  Miulyitiu  Division  (Ol>-90)  , April  1972.  (UIICHI.T) 
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Figure  V-4 


Probability  of  Paimive  Dntoctiem  of  a Trunuttinu 
Submarine  Voraun  Rearrh  flponil  for  Sprint-Drift.  Roarch 


Probability  of  Detection 
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figure  V-4 


Probability  of  Peuniva  Da taut ion  of  a Tr  mini  ting  Submnriho  Vermin 
•print  Speed  for  Sprint-Drift  Buurch. 

Purpoao 

The  purponn  of  thin  graph  in  lei  display  thn  probability  of  do  tooting 
• tranniting  nuhmnrino  using  nprint-drift  tacttoa  for  various  target  iipoodii 
and  edr responding  dot. action  mugon . 

Sfi»  for  the  Cniculntionw 

i 

Thio  graph  in  a plot  of  equation  C-1X,  whera  W is  tin*  detention  rango 
and  incruaaou  with  target  np«dd  clue  to  Irioru.iaud  radiatud  no) no  anoon.liutj 
to  the  following i 

Target,  Spend  (knotn)  t>o_t^^cjLi_on_ Jtun.go (n_m) 

10  *5 

‘ ao  so 

30  75 

The  drllt  time,  t..,  in  token  to  ha  n,i  hr  alnor.  It  ?<«■.•  Minutes: 

for  tho  array  to  nettle  down  and  an  average  of  fifteen  mtiuiten  in  reqttlfart 
for  procnnni.ig.  * 

It  Jb  generally  accepted  that  the  next  generation  of  lowed  at layn  { 1 Of 
1900)  will  be  t.owablc  at  npoodu  up  to  HO  knotn,  hence,  no  Lime  in  required 
to  deploy  and  retrieve  the  array  at  (search  a pee.  In  of  00  kikitu  or  loan, 

Jja.l 1 1 it , n 


1.  In  thin  cnee  tho  probability  of  detection  lncrcaticin  with  nprlnl. 
upend  and  target  npeed. 

a.  I'or  a qivon  detection  range,  the  probability  of  dot  eel  Ion  dlnplayn 
diminishing  roturntt  mi  npi.lnt  fipned  increanen,  however,  thin  upend  in  be- 
yond the  maximum  Irving  speed  ut  which  the  arr  iy  can  cm  vivo  (about  00  knotn) 


figuro  V-5 


Probability  of  Pauniva  Detection  of  a Transiting 
flu  lunar  inti  Vernuo  Flying  Spootl  for  Klying-Urift  flonreh 


Probability  of  DcitocHon 


V-M 


Flguro  v-3 


Probability  of  Pnasivc-  Detection  of  a Transiting  Submarine  Vermin 
Sprint  spend  feu-  riying-brift  Donruh. 


Purpose 

The  purpose  of  tli.ln  graph  in  to  display  the  probability  of  detecting 
a submarine  Attempting  to  trnnnlt  a barrier  using  flying-dr  lit  taetUm. 

fiHSiSL  for  the  c<>  leu  1st  Ions 

This  graph  Is  a plot  of  equation  Oil. 

Tho  calculation  was  made  using  a single  value  for  target,  spued,  V , and 
detection  range,  R,  to  illuatvato  tho  difference  butwoon  flying-drift  find 
sprint-drift, 

A total  drift  time,  td,  of  1.5  hrs  was  used  which  inaludos  lime  to  deploy 
and  retrieve!  tho  arrayi  tho  actual  Unioning  time  in  still  15  mlnutoH  ns  in 
tho  sprint  drift  cane.  In  tho  flying-drift  ease,  tho  army  cannot  bo  tow  oil 
while  flyingi  honco,  It  is  nocossary  to  include  tho  time  to  deploy  ant]  re- 
trieve. 

Principal  Points 

1.  Tho  probability  of  dot.net  (on  intimation  momit  osteal  1 y with  upend 
unti.l  about  200  knots,  after  which  the  probability  of  detection  In  rela- 
tively inucnnitl vc  to  upend. 

2,  Tho  probability  of  dolor  Hon  for  flying-drill  t«  cone  Intently  lower 
thnn  nprint  drift,  duo  primarily  to  the  isnrnannd  drift  time  which  dncriviHon 
tho  apcod  of  advance.  The  Impact  of  dotcu  lion  lunge  and  drill  limn  on  upood 
of  ndv.inco  tn  further  illuminated  in  ihu  following  figuron. 
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Figure  V-6 


Comparinon  of  Probability  of  Dotuotlon  Vorsuo 
Bpoort  for  Various  Harrier  Search  Tactics 


Klguro  V-6 


Comparison  of  Probability  of  Delation  Versus  flpaad  for  Various  Harrier 
Soaroh  Tactics. 

Purpose 

Tho  purpono  of  this  graph  in  to  display  tho  probability  of  passively  detect- 
ing a transiting  submarine  using  various  ooarch  tactics  for  a givon  target  nperrt 
and  detention  rango, 

i 

Baals  for  tho  Calculation 

This  graph  in  a plot  of  equation  C-6  for  the  continuous  conn  and  equation 
C-ll  for  the  oprint-drift.  and  flyinq-drift  cuso. 

4 

Tho  submurine  spend  is  10  knots  which  is  an  approximate  optimum  npnnd  of  ti 
aubmorino  tranuiting  « passive  acoustic  barrier.  This  results  in  n sonredior's 
maximum  detection  rango  of  about  25  nm  (ooi timing  idem!  acoustic  Conditions)  . 

For  tho  sprint-drift  case  a 'drift  timo  of  0.3  hr  in  unod. 

, At  tho  prosont  level  of  technology,  tho  amount  of  stress  tho  towed  sensor 
can  withutond  limits  tho  sprint  speed  in  sprint-drift  search  to  under  Bo  knots. 

for  tho  flying-drift  caao,  a drif'  timo  of  1,5  hr  in  usud  to  account  for 
array  deployment  and  retrieval. 

The  opoed  in  tho  respective  spood  for  cue!  tactic#  i.e.,  gontinuoun,  sprint 
and  flying. 

Principal  Pointui 

1.  For  spends  lens  tlmn  20  knoln#  nprini -dri rt  noure.ii  and  uonkinnouei  uoarch 
yio  Id  approx  t m/il  nly  the  sumo  probability  of  'lei  oolion,  In  tho  i.pooil  r.in|o  finin 
20  l.o  30  knoln  (mill  in  the  rnnlm  of  conventional  nav.il  vessel  r.)  npr  In!  -<lri  ft 
uoarch  drusiabi  cal  ly  improves  tho  probability  of  dnUu.t.ion.  For  njioedu  greater 
than  30  knoln,  solf-noiim  makou  continuous  search  ineffectual,  but.  doeri  not.  bin- 
dor  aprint.-dr  I f t uoarch. 

2.  Tho  probability  of  dotoction  increase'll  inonolonically  wtlli  sprint  speed. 

3.  The:  probability  of  dotoct  ion  for  flying-dri  H:  iiu.irch  is  relatively  in— 
nmiitlivci  to  npne'd  in  the  range  coiinidornd  feu-  n chin  timo  of  1 . !i  hr. 

<1.  Iiy  doorcmiing  the  drift.  Hum,  a significant  Improvement  in  probability 
of  dotoction  in  obl.aineid  for  flying-drift  nc.ire.li. 
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figure  v-7 


Bpeod  of  Advance  Vornus  Sprint  Spend  for  Variouo  Drift  Times. 


Purpono 

The  purporjo  of  thin  graph  (a  to  show  how  thn  spend  of  advance  varioa 
with  sprint  upend  and  drift  time  tor  fixed  detection  range, 

Dania  for  thu  Calculation  * 

Thin  graph  ia  a plot  of  aquation  C-8, 

I 

Principal  Point- a 

1.  for  relatively  short  detection  range  (!i  nm)  and  drift,  times  of 
0.5-0..1  hours  thorn  in  u diminishing  return  in  npnod  of  advance)  once  a 
apood  of  about  30  knots  iu  reached. 

2.  If  the  drift  time  can  be  reduced  to  0.1  hr,  Improvement  in  spend 
of  advance  can  be  obtained. 


rimiro  V-B 


Swoop  Hato  VorsuM  Sprint  Spood 
for  VnriottM  Drift  Timoti 


Bweop  Rato  (nms/hr) 


Sprint.  Spood  (Knots) 


Figure  V-8 

Sweep  Rate  Verona  Sprint  Spued  for  Various  Drift  Timoa 


Purpose 

Tlie  purjioso  of  this  graph  is  to  nhow  how  the  nwonp  rnto  varies  with 
aprint  speed  and  drift  time  for  fixed  detection  range. 

Basis  for  tho  C'alcnjA'-L^- 

Thiu  igraph  in  a plot  of  equation  C-9, 
principal  Points 

1.  Thin  graph  shown  diminishing  return  in  swoop  rate  for  drift:  times 
of  0.5-0. 3 hours  which  correlates  with  tho  spnad  of  advance  in  thci  prov.ouii 
figure. 

' 3.  By  reducing  tho  drift  time  to  0.1  hr,  significant  improvement  in 

swoop  rate  can  be  obtained. 

3.  For  the  undent  but  frequently  rwilixHc  detection  raiuio  nnniimod. 
unless  tho  current  drift  tima  of  0.3  hr  can  ho  reduced,  the  penally  in 
increased  fuel  consumption  and  reduced  endurance  time  «l  upends*  grontnr  than 
40  knots  would  orobnblv  far  exceed  the  benefits. 
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Piquro  V-tt 


Bpood  of  Advance  Vereun  Sprint  speed  for  Various  Dotoctlon  Pangea 
and  Fixed  Drift  Tima. 

Purpose 

The  purpose  of  this  graph  is  to  show  how  the  upend  of  advance  varies 
With  detection  range  for  fixed  drift  time, 

Basis  of  calculation 

I 

This  graph  la  « plot  of  aquation  C-8, 

Principal  Points 

1 1 Tlicro  in  rapidly  diminlnhing  roturn  in  speed  of  advance  as  a function 
of  sprint  speed  at  detection  ranges  of  <23  nm. 

• 2.  The  proceeding  figurea  (6  flhd  7)  imply  « definite  tradeoff 

between  dotoctlon  range,  drift  time,  end  sprint  speed. 


C.  OPEN  AWtA  SriAUCII 


The  purpose  of  this  pot: Lion  of  tho  annlytjln  is  to  investigate  tho  impact 
of  anarch  apaed  on  the  expected  number  of  targets  to  be  encountered  In  an 
open  area  search.  Thu  oxpoo’ted  numbor  ia  dependent  oni  the  oenreh  spued, 
tho  target  speed  and  direction,  detection  range,  and  tho  density  of  targets. 

Tho  density  of  targets  varies  with  their  distance  from  port  in  accordance 
with  the  bam  loan  factor  concept,  introduced  in  the  auction  on  transit.  At 

I 

tho  diatanca  from  part  increases,  thu  number  of  target  piatfonna  required  to 
keep  one  on  station  increases  and  the  total  nron  In  which  the  targets 
operate  nlno  increases.  Itonoa,  for  a givan  force  level,  the  tnrgot  da.iiity 
Will  docroano  with  distance  from  port.  This  concept  in  illustrated  holow. 


Port 


Inertiauing  hatto  hosn  Factor 


ISO  haae  hens 
Factor  Mrtcri 


The  anarch  sensors  end  techniques  uued  in  tho  open  area  search  are 
identical  with  I hone  used  in  tho  harrier  search. 

Tho  following  figures  graphically  display  tho  utility  of  speed  in  con- 
ducting an  open  area  search  against,  uniformly  distributed  targets,  Tho  olieolu 
which  accompany  each  figure  illuminate  the  principal  points  of  each  graph. 
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Figure  V-IO 


Expected  Number  of  Targnt-.ii  Detected  Per  Hour 
Vermis  Boorch  fipcod  for  Cantimioun  Actlvo  Bolter  Benrcb 


Exported  Number  of  Target'll  Dotoct.oil 
Per  Hour 


Ho/ircli  flpprcl  (Knotn) 


Piquro  V-10 


Expected  Number  of  Targotn  Dntoctod  Por  Hour  VorouB  Search  Bpood  (or 
Contlnuoun  Actlvn  Honor  Search 

» 

Purpose 

Tho  purpouo  of  this  graph  is  to  show  tho  expoctod  number  of  tnrgotn 
detected  in  an  open  area  search  am  a function  of  aoarcli  spent)  and  fixed 
target  donut ty. 

Basin  for  tho  Calculation 

This  graph  in  a plot  of  equation  C-13. 

H0  ■ detection  range  at  sore  search  spood  » ar>  nm 

V#  « target  tipood  « 30  ).itot8 

3 

N » target  density  (mimbor/nm  ) •*  0.0001 


Au  in  Pigurn  V-Pj  tlio  speed  range  han  boon  divldud  into  two  partM( 

0,<  V <10  and  V >10,  whore  R,  tho  range  of  detection,  in  H and  K o £I<V 
respect.) vtuy.  Equation  0-12  in  thon  0 ° 


N 

o 


3 


i di|i,  0<  V <10 


" <v  4 VB) 
Pr i nci jia I l’olrP_ti 


'•^S j 

. — — — . Din*  ||,  df,  V > 10 

<v  4 vBr 


1.  A oont  Intinun  open  urea  ueuroh  uulng  actlvo  nonnr  results  In  few  largo1 
encounters  even  with  high  target:  donulty  and  in  limited  to  nlow  noarcli  npeod, 

2.  Tho  numltor  of  dotectlumi  pur  unit  time  luuruasus  vury  eligibly  ovor  tho 
itpoed  tango  of  0-lb  ki iot.it  and  t-hon  docrcnnnn  until  it  in  cenont  tally  seto  at  about 
30-30  liiiolti.  The  flat  pur  Hon  at  lower  npeer'.n  renultu  frum  the  combination  of 

* two  opposite  offeolH  ol  llicruauud  npoodi 
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■Klif* 


At  Ginco  tho  dut.cct.iou  range  it.  ntiuumuil  conut. nit  over  fncuil  ot  thlu  upoud 

range,  increasing  apeod  Inercaiiou  tho  .iron  aonrthad  per  unit  timo.  Thin  op- 
erates to  increase  detections. 

b.  Tho  dynamic*  of  nn  increasing  aonrcihor  spood  and  aiinumort  oonotnnl  tar- 
get spaed*  (in  random  directions)  moults  in  fowor  timely  ontrlen  of  targets 
into  tho  uoarehorn  sweep  pnth  per  unit  timo,  Thlo  oporAtoa  to  docrenno  tho  number 
ot  detections. 

3,  Above  10  knots,  tho  detection  rudlun  dneroauos  with  increasing  upend  and 
tho  araa  awopt  pur  unit  time  lovula  off  and  thnn  diioransos  down  to  a value  of  r.oru 
at  About  30-35  knots, 

t 

4,  Thus,  for  tho  assumed  cohdltione,  tho  range  of  optimum  nou roll  speeds  iu 

about  0-15  knots. 


i 

i 

i 
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Figure  V-H 


Expected  Number  of  Tnrcjcto  Dotectnd  Per  Hour  Vornu# 
Sprint.  Speed  for  Sprint-Drift  flonr<:li 


Expected  Number  of  Detection)*  Por  Hour 


ao  40  t.o  no  loo 

Sprint.  Spued  (Kudu) 


v-ae 


Fiquro  V-il 


Rxpoctod  Number  of  Targotn  Detected  Por  Hour  Vomits  Sprint  spend  for 
Sprint- l3i:i ft  Search. 


Purpose 

■4 ii  hi  »■  ■ ■ 

Tho  purpono  of  thin  graph  in  to  show  tho  oxpuetud  number  of  targets 
do  too  tod  iti  an  open  area  nanrch  uuing  sprint-drift  soacili  and  high  targnt 

density. 

Pasig  for  tho  Calculation 

Thin  graph  is  a plot  of  equation  C-14. 

The  graph  in  a first  order  approximation  for  tho  number  of  tnrgnts 
do  toe  tod  por  hour  and  illustration  tins  impact  of  Hpoed  when  a nprint-drift 
Nearoh  taotio  is  omployod,  Tho  following  antnimptiona  worn  usied  in  equation 
C'-14. 


H is  tho  detection  range  and  inertmnes  with  target  apood  duo  to  inrroaaed 
radiated  nniHa  according  to  tho  following i 

I 

If n rapt  Bjio od  (knots)  DotocUjin_  Jnm)_ 

10  3U 

30  bO 

30  ?S 

Tho  drift  Lime,  t^ , is  taken  to  be  0.3  III."  since  it  requires  fivi>  minutun 
for  tho  array  to  md.l'o  down  and  an  average  of  fir  Icon  niiiiitton  for  pranenutng. 
Target  n that  hnd  boon  do  tec  tod  in  previous  no.vch  periods  woro  not  differentia  tori 
from  new  detect  ions  and  could  bo  collided  more  than  once.  Tho  sprint  distance  wan 
assumed  to  bo  equal  to  tho  detection  tango  It  and  tho  nprint.  drift  cycle  wan  assumed 
to  begin  in  llm  nprint  pliant? . Thun,  tho  number  or  dot  eel  i one  at.  y.ern  npood  wan 
xoro  ul nen  tho  noarolior  would  require  tnrinlto  time  to  tnovo  a npri nt  distance, 

It  in  generally  accepted  that  the  next.  gnp'-uMl  l"n  of  towed  array  n ( TOC 
1‘JUO)  will  lie  tow.iblo  at  H]ieodu  up  to  HO  knotn. 

rvjncj pal  PolnUi 

1.  Tho  expected  number  af  dot  eel  John  Increane  with  inercani  ng  nprint 
n|jQ(id  and  do  lection  range. 

3.  Por  alow  target  npoed  and  reduced  dulcet,  ion  range,  tho  number  of 
douiet.ianu  display  d imi ni idling  retunm  with  i ncin.ini ng  anarch  spued, 

3.  Sprint-drift  lacticn  nhow  n Igni  f leant  improvement,  over  cord  I minus 

HUUlX'll. 
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riguro  v-12 


Expected  Number  of  Tnryntu  Du toe Led  Por  Hour  Vornuu  Sprint  Spend  for 
Sprint-Drift  Sonroh. 


purpono 

Tho  purpono  of  this  graph  iti  to  uhow  tho  expected  number  of  torgoln 
dotcictori  In  nn  opon  nr oa  noaroh  an  a function  of  sprint  npond  mid  low 
to ryot  donuity, 

Banin  for  tho  Calculation 

Thin  graph  In  a plot  of  aquntirn  C-ld. 

Tho  ban  In  of  onloulution  iln  tho  name  an  in  figure  V>*11. 

Noto  that,  thu  vortical  i aalo  hfln  lk-on  ehnngod  from  tho  previous  figure 
by  a faator  of  2S. 

Principal  Pol ntn 

"l.  The  expaetnd  number  of  do  toe  I:  Iona  por  hour  In  linearly  dependent 
on  tho  target  donuity.  for  oxamiuot  l3ocrc>:.ol ny  the  targat  density  by  a 
factor  of  .'(!!,  rnmill.n  In  a wenty-flvo  fold  rlnovenwn  in  dot «oiinn»  por  hour. 


riguro  V-13 


Expected  Number  of  TnrnotM  Detected  I’Ll'  Hour  Vermin 
flying  Spoud  for  PlyJ  mj-t)rift  Search 


Expected  Numbur  of  Octoetionit  Per  Hour 


figure  V-1J 


Exported  Number  of  Targets  Detected  Por  Hour  Versus  Plying  Spued  for 
Flying-Drift  Search. 


Purpose 

The  purpose  of  this  graph  in  to  show  the  expected  number  of  tnrgotB 
detected  in  an  open  area  noarch  uoing  flying*drift  search  for  low  taryot 
doneity  and  various  drift  timos.  > 

Banin  for  Calculation 

This  graph  is  a plot  of  equation  C-14. 

A drift  tiino  of  1.5  hour  in  uaed  to  account  for  deployment  and  retrieval 
of  the  array. 

A drift  time  of  0.3  hr,  an  used  in  aprint  drift,  in  also  nhown  to  dcimon- 
nt.rato  tha  sensitivity  to  drift  time. 

Principal  Points 


1,  Tor  drift  time  a of  1.5  hour  there  it  a diminishing  return  in  the 
oxpQCteu  number  ot  detections  per  hour  with  increasing  flying  speed. 

2.  Hy  reducing  the  drift  time  to  0,3  hr  there  in  a significant  Increase) 
in  the  expected  number  of  del.cct.ionH  pur  hour  which  incruatien  mono  tunica  11  y 
with  flying  speed . 


P,  SUMMARY  AND  CONCLUSIONS 


The  utility  of  apoed  in  conducting  saaroh  operations  for  tiubmarine 
tirgots  wna  investigated  for  two  cabohi 

• Barrier  search 

» Opon-Area  nonroh , 

The  search  techniques  employed  in  both  cases  worst 

• Continuous  acbive  and  passive  search 

s sprint-drift  ooarch 

• Flying-drift  coarch 

Tho  barrlor  anarch  represented  a well  defined  urea  to  bo  searched  with 
a high  expectation  thut  u target  may  attompt  to  transit  the  barrier.  Tho 
principal  parameters  in  tho  barrier  cauu  arcti  search  speed,  target  speed, 
dui.uelii.iii  runyvi,  dr  if  u v.imu  and  but  riot  dimensions. 

Tho  principal  points  in  the  barrier  non rah  nret 

• Conti nuouu  active  search  is  limited  to  nlow  search  npcecl  due  to 
increased  Clow  noise  with  increasing  search  Bpoert. 

• Per  continuous  active  or  passive  search  there  is  an  optimum  search 
spaed  in  tho  rango  of  about  XL  Id  knots, 

• The  critical  parameter  in  using  either  sprint-dr  J Ft  or  flying-drift 
taction  is  tho  spued  of  advance  since  this  directly  affects  tho  sweep  rate. 

• Thu  npood  of  udvuncu  la  directly  affucted  by  the  detection  range  and 
tho  drift  time,  i.o.,  for  a given  sprint  epood,  tho  spend  of. advance  increannu 
with  incri'.'tniny  detection  range  and  doc i eased  listening  time, 
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• Tho  required  drift  timo  in  tho  sum  of  Bottling  t.imo  and  procoorlng 
timsi  in  tha  case  of  flying-drift  search,  it  also  includes  the  time  required 
to  daploy  and  re trio vo  tha  array. 

The  open  araa  search  reprouontnd  a random  encounter  with  no  prior 
expectation  of  the  presence  or  absence  of  u target.  The  principal  para- 
meters in  the  open  area  soaroh  arm  search  spoed.  target  speed  and  detec- 
tion range,  drift  time,  and  target  density. 

Tho  principal  points  in  tho  open  area  search  aroi 

o Tho  oxpoctad  number  of  encounters  par  hour  varien  Unoarly  with 
tho  target  density. 

o The  density  of  targets  vary  with  their  distance  from  port  in  accor- 
dance with  the  bana  loos  factor  concept  introduced  in  tho  section  on  tronnit. 
Ao  tha  dlntanee  from  port  incroacea,  the  number  of  platform*  required  to  keep 
one  op  station  inercinaou.  In  addition,  tho  total  arrn  in  which  tho  targets 
operate  also  increayou.  Hence,  for  a given  force  level,  the  target  density 
will  docreaiio  with  diotanco  from  port. 

s Tha  same  general  conclusions  in  the  barrier  case  apply  equally  to  tho 
open  area  cano. 

Advances  in  technology  which  would  provide  acro.iB  the  board  improvomuntn 
for  all  oflnou  are i 

• Reduction  In  flow  noiiia  dun  to  imprewd  dar.lgn  or  coatlngu  on  hull 
mounted  sonuors  would  increase  tioarch  opood  for  coutimioua  search. 

s Reduction  in  drift  time  requirements  would  result  in  incrcam-d  speed 
of  advance  and,  hcinee,  nwnep  rote  for  uprint-drJ  ft-  or  flying-drift  no.ireli, 

s There  is  a tradeoff  between  detection  range  and  speed  of  advance.  Ah 
the  detection  ranqo  in  incioaucd,  the  speed  of  advance  incron.iow  for  n glvon 
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•print  speed.  On  the  other  hand,  increased  sprint  speed  results  in  higher 
fuel  conoumption  and  reduced  endurance  time.  This  tradeoff  could  ttlno  be 
••tended  to  include  cost  considerations. 


SUCTION  VI . PURSUIT 


A.  INTRODUCTION 

The  subject  of  pursuit  hat  long  bean  one  of  much  study,  since  it  Is  an 
•aauntlal  lngrodiont  of  va rfaro  botwoon  platform#  or  people.  Itt  roots  lie 
In  tho  antiquity  of  tha  hunt.  Much  scholarly  attention  han  nlao  bean  glvan  to 
the  subject  of  pureuit  duo  to  lte  aspect  of  relative  motion  which,  while  simple 
enough  to  duscribo,  gives  rise  to  a act  of  mathematically  interesting  differen- 
tial aquations  (see,  for  example,  Introduction  to  Nonlinear  Differential  and 
Integral  Equations,  by  Harold  T.  Davis,  Nor thwem torn  University,  Boptoinbor  1060, 
which,  in  tho  introduction  to  Chapter  5,  attribute  the  origin  of  tho  curve  of 
pursuit  problem  to  Leonardo  da  Vinci  in  tho  15th  contury) , 

The  aoDllcntions  of  interest  in  thin  hnnir  study  nf  pursuit  )iy  plat- 

forms involve  fairly  elementary  consideration.  Uhilo  they  have  probably  boon 
examlnnd  and  dcmcribod  many  limeni  previously,  wo  have  found  it  easier  to  dorlvo 
thorn  than  to  find  tha  act  of  ruforoncea  denting  with  tho  pertinent  specific 
application  si. 

The  baiiic  calculations  Whcno  ronulte  arc  described  lntor  in  thin  noct.ion 
nro  bused  on  tha  following  geometry i 
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0 Initial  position  of  the  Pursuer 


Tho  pursued  vahiolo  (hereafter  "purmieo")  in  at  point  0,  whore  ho  is  lniti-1 
ally  datectod  by  tho  pursuer  at  point  Q (alternatively  t.ho  purouor  rocoivos 
equivalent  information  from  «n  external  source)  and  tho  pursuit  bnuins. 

The  direction  of  movement  of  tho  purnuoo  is  along  tlio  path  01.  Tho  inior- 
sootion  of  OQ  and  01  fo.mn  tho  initial  track  angle*,  0.  The  detection  tango 
(moro  generally,  Initial  separation  dintonco)  will  bn  considered  to  be  unity  so 
that  noparatton  dintunoen  throughout  the  pursuit  period  can  bu  treated  on  mul- 
tiplua  and  fractions  of  this  distance  for  tho  first  few  basic  calculation. 
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Tho  pursuer  hao  basically  two  pure  tactics.  indicated  by  paths  A and  R from 
Q to  X (the  intercept  point)  in  the  diagram.* 

A.  The  "pursuit  ourvo",  which  la  the  pursuit  path  which  ronults  from  tho 
purouor  continuously  heading  directly  for  tho  purnuee  end  continuously 
changing  his  ooursa  to  do  so. 

B.  Tho  "otnady  bearing"  tactic*  which  consists  of  making  this  nocanaary 
obeervations  and  calculations  to  predict  a point  of  intercept  T and 
heading  directly  .for  it.  (At  the  appropriate  speed  this  constant 
heading  raaulta  In  a a toady  bearing  on  tho  purauao  which  ia  mointni.nod 
until  intercept) 

Tactic  A«  which  always  rooulta  in  a atom  ahead  * ia  typified  by  a honing 
weapon  or  a pursuit  vehicle  whose  speed  is  high  con\pared  to  that  of  the 
pursues. 

Tho  angle  0 la  an  Important  parameter  since  the  larger  6 in*  tho  greater 
tho  speed  nocoBsary  for  suuoantiful  intercept  in  a given  time.  Tima  to  completo 
tho  intercept  in  an  important  consideration  who never  tho  specific  miaul on 
dictates. 

The  third  paramnter  omployod  in  the  following  analysis  is  the  diutanva 
that  tho  purnuae  travolo  from  initiation  of  tho  pursuit  until  intercept  (i.o. 

01  in  tho  diagram),  ’fills  distance*  some  times  known  ns  "capture  dli>tanaa"i  1h 
used  as  a moauura  in  thu  bnuic  analysia.  It  in  plotted  in  tho  flrnt  few  graphs 
ea  a function  of  tho  pursuer  to  pursues  spaed  ratio.  It  in  significant  in 

‘ 

A myriad  of  mixed  tut: tics,  govornnd  by  specif ic»  of  other  parunietorn, 
generate  alternative  pat.hu  which  lie  between  A and  li. 
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that,  coupled  with  a knowledge  of  the  puruuoe'e  npeed,  It  is  oquatablo  to  tho 
time  to  intercept.  The  meaeure  of  offectlvonee*  of  e navel  platform  in  a 
pursuit  mlaaion  might  be  specified  in  terms  of  either  a time  to  intercept  or 
a capture  diatenae  or  both. 

The  following  analysis  of  the  utility  of  speed  in  pursuit  addresses  two 
general  oases.  Tho  firat  iu  the  basic  ease  where  tho  pureuor  continuously 
tracks  the  pursues.  The  second  introduces  ths  prohlom  of  intermi ttont  tracking 
and  thus  addrasaoa  the  potential  importance  of  apoed  in  reducing  tho  impaot 
of  uncertainties  as  to  the  puraueo'o  location  and  actions. 


B.  PURSUIT  WITH  CONTINUOUS  TRACKING 

A gonorul  indication  of  tho  utility  of  Bpoad  in  a pursuit  mission  can 
to*  obtained  by  investigation  of  tho  affaota  of  inoraanod  purnuor  speed  on  tha 
diotanco  tha  purauaa  movon  baforo  intercept  is  sacompliehud  (l.e.,  capture 
diotano*).  This  diutanoo,  however,  ia  also  a function  of  tho  Initial  traak 
angle  0 and  tha  separation  diotanco  at  the  start  of  pursuit. 

figure  VI-1  provides  aueh  a basin  for  tho  "pursuit  course"  (tactic  A in  tha 
baaio  diagrum) . Generality  is  aohiavad  by  oxprenB.lng  tho  pursuer  npood  in 
terma  of  a ratio  of  puruuar  to  pursuea  speed  and  by  axpronning  aapturo  dis- 
tance in  units  of  the  distance  betweon  vahieles  at  the  atnrt  of  tho  pursuit. 

The  initial  track  angle  (0)  is  parametorissnd  from  0°  to  1H0°. 

Ah  the  figure  indicates  (from  the  point  of  viow  of  designing  speed  capa- 
bility into  a naval  vohicln  for  the  purpose  of  miaalonn  involving  pursuit), 
the  apeed  range  of  interest  lieu  between  about  1.5  times  the  potential  puruuoa'n 
epaed  and  about  9.5  - 3.0  times  hie  spaed.  Hatioo  lees  than  1.5  moult  in  long 
stain  ohnnoo  for  nil  but  small  O'e.  Ratios  grantor  thnn  about  3.0  would  nppoar 
to  produce  umnll  marginal  returns  end  iiuHcnto  raiiort.  to  otluir  inouns  (such  ns 
improved  surveillance,  incriiaaud  wonpon  ranges,  force  lovoln,  ntc.,  nn  the  spe- 
cific mission  dictates.) 

This  indication  nliio  holds  foi:  tha  "ulosdy  boating"  tuctie  nu  shown  in 
figure  VI-2,  which  compared  the  pursuit  course  curve  for  Cl  90*  from  figure  V J - J. 
with  that  for  n pursuit  maintaining  a steady  bearing.  Nolo,  however,  the 
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dif fsrenca  in  effectiveness  for  the  soma  speed  capabilities  within  this  ration. 
tXir  example,  with  the  steady  hearing  tnotie  a pursuer  to  pursues  speed  ratio  of 
1-9  produooa  intercept  before  the  target  has  traveled  as  for  as  the  separation 
at  tha  start  of  the  pursuit.  Thnt  is,  a capture  distance  of  lota  than  1.0.  A 
pursuit  course  with  ths  some  speed  ratio  would  result  in  a capture  disttmao 
of  about  1.3. 

» 

Thua,  aa  one  might  oxpeefc,  tha  offset  of  platform  spaed  on  pursuit  misaien 
capability  in  eoneitlve  to  tha  pursuit  tactics.  Additional  important  sensitivi- 
ties emerge  when  one  considers  other  parameters. 

An  example  in  illustrated  in  figure  VI-3,  which  shows  the  effect  of  defining 
an  inuuuupt  am  touching  a point  from  which  chw  target  cuulu  be  uuLuckuU  by 
the  purnuor's  weapon  and  examining  the  effects  of  maximum  weapon  range  on  tha 
pursuit  cspaMlity-spuud  ratio  function. 

Kota  that  in  thlu  figure  the  ordinate  in  actual  capture  distance  for  a 
nptici.fi od  initial  detection  distance  of  30  nm.  TIiohq  dimonsiionn  nuggast  a 
spnclfic  oxompiii  whore  the  pursuer  Is  a aonvoy  escort  who  haa  detected  (at  20 
nm)  n submarinu  attempting  a torpedo  attack  on  tha  convoy.  For  a required 
capture  (Untunon  of  loan  than  10  nm  (which  mny  bo  uonuidurud  an  thu  distance 
tho  submarine  must,  travel  before  ho  con  effectively  firo  torpodoou)  , an  eacort 
weapon  range  of  10  nm  will  permit  timely  counterattacks  with  on  oneort  to 
submarine  spend  ratio  of  about  1.7.  A sure  range  escort  weapon,  ouch  aa  depth 
charges,  would  require  a apcod  ratio  of  about  3.!». 

Note  that  capture  distance  porvos  as  a meauuru  of  ef foctivononu  of  tho 
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utility  of  apabd  in  this  particular  purauit  mission.  A naval  platform  might 
b«  directed  to  puraua  and  intcroopt  aoma  othar  platform  (or  foreo)  baforo  it 
roaohaa  aoma  point*  a unit  in  a barriar  may  bs  required  to  make  detections  and 
intorcepta  within  a bounded  area,  ate.  Meta  also  that  specifying  a target 
epvod  makes  oaptura  distance  aquatnbla  to  timo  over  which  pursuit  takes  plaoo. 

St^jSd^15®  “ *«■»**  ***» 

Purauit  time  no  defined  provides  nn  equally  convenient  performance  parameter 

for  investigation  of  spend  and  weapon  range  trade-offs  in  the  purauit  mission. 

* 

Wa  illustrate  with  an  assumed  scenario  in  whlah  an  advanced  naval  vehicle  is 
assigned  a mi  on  ion  to  intercept  and  attack,  (or  pose  a deterring  threat  tc>)  a 
surface  force  proceeding  on  a Bloody  course  at  35  knots  on  same  unspecified 
mission.  The  Initial  .separation  la  300  nm  and  the  target  course  is  porpon- 
vUeulm  Lu  the  initial  lazing  ( 0 - DO9).  < 

Figure  Vl-d  indicated  tho  nature  of  the  trado-off  for  a potential  pnrnuar  in 
thin  scenario. 

Tho  nominal  50  - 60  nm  range  of  tun  Harpoqn  aurfac-  'to-ourfaeo  mtunllo  pra- 
vldua  a convenient  roforenau  for  comparisona.  A dla- '■  ■.-.owcnit  hull  in  curront 
inventory  would  require  about  eight  hours  (at  30  knot*)  to  roncli  a position 
within  Harpoon  ranyo  of  tho  target.  An  advnncod  platform  capable  of  about  50 
knots  (and  carrying  tho  same  weapon)  could  do  so  In  lunu  than  four  bourn.  Al- 
ternatively. equipping  the  current  hull  with  a HO  nm  mioniln  would  «lmi  com- 
plete tho  purruit  plinaa  in  about  4 hours. 

More  significant  perhaps  is  the  indication  that  tho  trado-off  tends  to 
become  moro  favorable  to  weapon  range  improvement  an  the  purmilt  time  roquirn- 
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Bent*  become  mors  demanding  (i.o, , pursuit  timo  doerearee) . h two  hour  require- 
ment for  e Harpoon  equipped  platform  diebatoa  purault  epeede  of  about  75  knoto. 

This  requirement  le  also  met  with  « SO  knot  platform  and  a 110  nm  miaulla. 

While  thle  example  le  epaolfle,  note  that  by  proper  aoalipg  aome  genorali- 
eetion  la  pooelble.  By  analogy,  nlmllar  inferonoe*  oan  bo  drawn  about  aoneor  range 
veraus  platform  apaod  where  the  mlaninn  le  to  achieve  end  maintain  a trailing 
politico  on  the  pureuee  and  the  weapon  range  la  analogous  to  trail  maintenanca 
range  of  thin  aenaor. 


figure  Vt“l 


Capture  ni stance  Voraua- 

ruruuor  to  Puriuoc  spend  Hutto  for  Various  Initial 
TrneH  Anglon 


Capture  Diiitanoo 
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Figure  vx-1 


Capture  Distance  Vorouu  Pursuer  To  Pursue*  Spend  Ratio  for  Various  Initial 
Track  Anglo*  ,i- 


Purposo 

The  purpose  of  this  graph  is  to  show  how  capture  distance  varies  with  pur- 

i 

tiuer  to  pursue®  speed  ration  for  various  initial  track  angle*.  The  pursuer 
employs  the  pursuit  courae  taotio. 

Baals  fur  the  Calculation 

Thesa  curvee  are  a plot  of  equation  D-13. 

Tor  th'.s  calculaticn,  the  p’.’r-U--  «"»<.r>tK'nB  « nnri«t»nf  rniir»«  mid  HpHHil  soil 
dous  not  maneuver  during  the  pursuit.  » 

The  capturo  distance  diaplnyad  on  the  ordinate  is  expressed  as  n multipla 
of  Uio  initial  separation  distance  at  the  time  pursuit  begins,  i.o..  a capturo 
distance  of  0.5  means  the  pursuoo  travels  a dintanca  oqunl  to  one-half  tha 
initial  noparation  distmeo  before  capture  occurs. 

Prlnciplo  Points 

1.  i’rr  a given  capture  distance,  speed  ratio  rrqiiirfiinontf)  bocom”  moro 
Otrinyent  an  0 (the  angle  between  pursuer's  couruc  and  initial  lino  of  sight) 
lncro<u;cjfi  from  0°  to  1B0°. 

2.  For  nil  angles,  there  are  diminishing  raturna  ns  the  speed  ratio 
lncraauau , 
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Figurci  Vl-a 


Comparison  of  Capture  Distunoos  for  Pursuit  Courua 
and  Constant  Soaring  .interciopt 


PurBunr  to  Puimitm  Spued  Kill  lo 


Figure  VI-2 


Comparison  of  capture  Diotanoes  for  Burnult  Courea  and  constant  Bearing 
Intercept. 

\ * 

&£££££. 

Olio  purposo  of  this  graph  is  to  display  the  difference  in  the  oupturo  diu- 
tance  function  for  the  two  basio  pursuer  taction  (pursuit  course  and  steady 
bearing  intercept) . 

Banin  for  the  Calculation 

The  pursvd.t  aurve  is  a plot  of  equation  D-1S  and  tits  constant  bearing  curve 
is  a plot  of  equation  n-53, 

The  capture  distance  ie  as  dofined  in  figure  1 / i.r.  it  is  a multiple  of 
the  initial  separation  distance  at  the  time  pursuit  begins. 

The  purtiuco  doau  not  maneuver  during  pursuit. 

Principal  Points 

1.  B capability  to  follow  a steady  bearing  tactic  (which  may  imply  greater 
demands  on  eonnorn  or  external  data  links';  ranultn  in  reducod  upend  require- 
ments for  thj  came  capture  distunoo.  Thi.B  difioionce  1j  greatest  at  a Dpned 
rutio  of  about  1.5. 

2.  Alternatively  (and  porhapH  more  significantly)  in  this  aiuiw  range 

the  atoady  bearing  tactic  greatly  reduces  capture  distance  for  any  given  epaod 
ratio. 
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Figure  VI- 3 


Actual,  CciptuL-o  Diutaneo  Vsr»UB  Putnuur  to  Pureuce 
fipood  Ratio  for  Vnriou*  Pursuer  Weapon  Ranejan 


Pursuer  to  Purouou  hpond  Ratio 


figurs  VI-3 


Aatual  Capture  Distance  Versus  Pursuor  to  Pursuoo  Spaed 
Ratio  for  Vsrioun  Pursuer  Weapon  Rengss 

Purpose 

Tha  purpouo  of  this  graph  ia  to  show  the  interrelationship  between  pursuer 
to  purouoo  speed  ratios  and  capture  distance  for  various  woapon  ranges  in  the 
pursuit  problem. 

Basin  for  the  Calculation 

Thin  graph  ie  a plot  of  equation  D-19. 

l.io  pursuer  employe  the  pursuit  ooumo  tactic,  Capture  occurs  when  the 
distance  between  pursuer  and  pursuee  equals  the  pursuer's  weapon  rangot  the  ac- 
tual firing  of  the  weapon  is  not  considered  (i.o.,  the  flight  time  of  the  weapon 
in  tailor,  to  bn  taro,  tha  weapon  velocity  is  taken  to  ba  infinite)  . 

Principal  Points 

1.  For  weapon  rnngou  lonti  than  half  the  initial  separation  distance,  tho 
Capture  Distance  versus  Purnuor  to  Pursuoo  Upe'cid  Ratio  curves  nrn  asymptotic 
at  1.  If  tho  weapon  rango  io  greater  than  hoi'  Lho  initial  separation  diotnneo, 
however,  the  asymptote  is  shifted  to  tho  loft,  o.g.  . the  asymptote  in  around 
.7  for  u weapon  range  of  l!i  rim.  Thus,  IT  the  weapon  range  is  greater  than  half 
the  initial  separation  distance,  it  is  possible  for  Luo  pursuer  to  capture  tho 
pursues  even  though  ho  has  n losnor  npeod. 

P.  In  tho  case  shown,  in  tho  region  of  hige  upend  ration  an  Increase  in 
weapon  range  allows  for  a larger  reduction  in  required  speed  ratios,  tor  example) 

a speed  ratio  of  <1  is  naconnnry  to  obtain  « 5-mile  capture  distance  with  *ero 
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weapon  i' any oi  a 10-milo  weapon  nuiyu  rerUicou  tho  rccjuiriuiiinit  to  about  Z,  ami 

■ 15-milo  weapon  rangn  reduces  It  to  1.3.  Tho  of  foot  diminiaheu  rnpidly  at 
apood  ration  beloW'1.5.  A similar  effect  is  noted  for  the  oonstant  buartng  tuc- 
tlo. 
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Pursuer  Weapon  Runtju  Vermiu  I'uruucr  to  Pucuiuta  fipood  Ratio  for  Given  Tima 
to  intercept  Purouan 

rurpoee 

Thin  figure  11  Unit  • ni  on  I ho  po.'jn.iblo  punnmr  tr.ulu-nf  ft;  bot.wuon  hlo  wonpon 
rouge  until  purmiit  npped  when  Uia  purnuei:  imiut  clone  the  purauen  within  n given 

I 

tlroo. 

Banin  Coy  Calculation 

In  tho  c«at?  1 lluti t rated , the  optimum  puruult:  path  (ho)  id  linen)  1 h onu  which 
lien  bo  tween  tho  pure  ptirmiib  tactic  and  the  pure  h toady  bearing  Uact.l  c , Title 
p«t)i  oonuistn  of  taking  and  maintaining  a load  angle  which  mtnlminon  tho  npond 

ratio  requiem!  to  come  within  weapon  tango  of  th»  put*ntm«  within  tho  prcncrlbud 

» 

tima  period  i Thus,  this  purouer  tactic  innlnt  a I tin  n a toady  cmtrno  but  not  a 
ittcmily  bearing. 

Kor  o Karo  weapon  tango  capability  I lie  dint. nice  which  the  pttrnuer  mutit  travel 
In  tho  ttpnel  fled  tlinn  in  l ho  liypol  otiiiHr-  of  a tight  triangle  of  which  one  'title  lit 
the  initial  nepnrntl  on  dint  mice  (P)  and  the  ollne  In  the  product  of  thin  open  t fil'd 
tlma  and  the  piirnuec 1 n i.pncd.  Tla>  range  oi  the  put  mier ' h wciipon  cubtract n directly 
from  thin  requirement,  tlo  limit 

v '•  ><„ 

whuro 

Vj,  " l'liruuur 1 it  required  npe  1 (knot  a) 

I 

Vj, i " Purrninc'n  njicctl  (in  tin  cane  kuotrd 


t Time  1.0  Intercept  (lie'll  a) 


D " Initial  Depuration  tlinlnnuo  (in  thin  can«  nm) 

« liantjo  of  purmier ' n Wen|rin  (nm) 

Tho  duohcJ  line  Cor  the  two  hour  requirement  plots  the*  name  information 
whnro  tho  purnunr  tines  tho  pun;  n toady  haariiuj  toot  to,  in  which,  by  definition 
( for  tho  uuoutnotl  'JO11  trank  anqle)  Lho  minimum  puttiucr  to  pumuao  speed  ratio  is 
> X. 

Note  that  tho  optimum  lactic  converges  to  l;lm  steady  beating  tuctic  n» 
weapon  range  approaches  r.oro.  Note  nl  no  that  tho  opt  I mum  tact  La  converge*  with 
the  initial  stager.  of  tho  pure  pursuit  tactic:  a::  weapon  ran  go  approaches  tho 
initial  separation  dthtoiino  (un  the  intoriuictionn  of  tho  solid  linen  iniUcat.,,  an 
Approaches  D,  mw.i1  lot  lend  nnqlon  produce  oar licr  intercepts  at  lower  pursuer 
spaed . ) 

Principal  PoIjiIm 

ft 

1.  If  t \ luu  t.o  1.  m t i*rc:oj)l  If*  nr!  f*i*  I l I 1 , 1 .o,  , 1 1 ino»i  on  tho  order  of  B 
bourn  «fn  no’t'pt  «»blf» , Minn  r;m.il  I In*  ■r«vi,:rv.  In  • : j »#'»  *<!  v .« t rile  oqui  vMlfiit  to 

J ar\jr*  cliim'if*;  in  wi*»ij»tn»  >* . » 1 1« i « • . l-‘oi  cxii»*j »1 *• , mr m o:'  1 ikj  t |j*>  .'ipooil  rill. to  from 

,l)  to  1..-  I*  <•  jnl  v.iW’hi  In  n-.iiiftn*)  »li«*  wwii*.  .n  j mni  i i » -*n«»i  1 1 r,  from  100  nm 

to  50  run. 

2.  Tin?  X » ini*'- iif  I lorn,  f.ivm  1 1 1 > I n In  pl.il  form  ripiM-rhi  whop 

iimci  to  InliTOfjil  1 1 : i.liorl.  A two  hum  rocpi  i r;»’in*'*nt  with  o SO  tun  wimpon  rinjul  run 
<i  jmrnu'T  in  |»ui  mini*  t »| »•  • « *r  1 i.itlu  of  ;i,i  . a inn  nm  wo.ijiun  rn'ots,  tip?  H»imc*  roquiiu' 
monk  wlMi  u mp<m«iJ  ml  In  ni  2.2. 
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c. 


PUHBUIT  WITH  JMTKHMITTENT  t Nl’OKMAT  If  IN 


Tho  pmvlouM  milnuict  ton  Ikih  nridrunnnri  tliu  c«ur.‘  who tuin  tliu  purmuir  ItaB 
BOOttBS  to  constant;  information  with  looped  *.o  t.ho  purtiuuo'n  .location.  How- 
over,  puruuec  .in  formal.:’ on  can  lm  intormUloni  In  nature.  An  cixamplo  of  nuch 
# Cano  In  n oonohuoy  field  lounied  in  the  open  ocean  with  tho  capability  to  relay 
purftuata  location  data  to  an  Informal  ion  proeurinliKj  center.  Aftnr  iniarprotahion 

I 

olt  the  information , tho  center  pnnnori  the  information  to  a platform  on  aloft  etui 
veotorn  it  toward  identified  cjconUmilen,  A nur face  whip  or  mibiiuiilna  transit- 
ing through  the  fJoM  would  hn  detected  hy  one  or  move  buoyn.  Unlnnii  tho  ttoncor 
radii  overlap,  gape  in  information  occur  if  a nnrlun  of  huciya  is  triggered  hy 
tho  intruding  platform,  coordinate  information  would  he  proeenued  and  roluyetd  to 
tho  pursuit  rahiclu . l-'or  each  piece  of  inf  ormiticin  iiinrlo  aval  l.iblu,  i.hu  uncer- 
tainty of  pviiuutio  area  location  in  reduced  Hi  ..  value  t ommrannyrnto  with  V.lia  infor- 
mation pronoun  I ng  time,  ruuimu  nyidem  accuracy  and  l ho  apood  of  i.hn  (.argot,  Tho 
following  rel  nt  ionnh  1 1>  exom|il  I lieu  tin;  above  d i r.i'iinu  I on  i 


'p  ' f<V  v. 


wlioro 


|»  k P*obahi 11 1 y of  di»l «'i'l  .l»ni  l»v  1 lie  jnirnur-r 

wfl  *■'  llhrnl  h wl«1lh  of  1' 1 1*  lil  -of  V i <-w  of  llic  pur  mut  1 n oulhMifl  rirtium 
A **  lorMl  loti  iu'rnrafry  of  1 1 if  ouiu'Iuii  >y  f I * * i <■«.*•  inn 
* VC! loci  Ly  of  pill  iiMCI 
V^,  volocliy  of  f mi  mil 

I)  In  It  I c 1 1 :opii\  .\t  I • m cl  i i.i  .m«"  ( n\  Hie  tlim*  of  1 hfornui  lion  rocoipt.) 
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T»  m *nt0*‘Pt'0,'*’:*on  li”"5  (tlma  ronutrod  hy  prooewslnci  cantor  to  roeeivo, 
lntorptol  find  rainy  information  to  pursuit  pin l.form) 

Tho  «vo#  of  purauoe  uncertainty  (A)  , nnruiming  pur  foot  Initial*  nonohuoy 
location)  Is  n oirnlo  of  radUin  V^,  t whorm 

t •*  timn  from  nonobuoy  detection  until  pursuer  rocoivon  nnothsr 
update  or  comp  In  ton  bin  nonreh. 

• . 

d " dintunco  pursuer  travels  befeuo  a now  update  or  until  complotlnfl 
tho  smirch. 

In  tho  following  nniilynis  I*  wnu  sHtnunod  to  bo  ituro. 

An  the  msgnltudo  of  A is  incrcmuod , tho  probability  of  tho  pursuit  platform 
dutwel.tny  tho  putmian  o..  firuh  pact  it;  reduced.  Irt  other  «nw<*i  *-Vm  pnruntt1 
phntiQ  becomes  1 on  ft  likely  to  ovolvo  dl  met  1 y into  attach.  Aiu.lntorlm  aeoralt 
wtl  1 ho  rmjui rt’tl.  Thun,  an  Increase!  In  porsoeo  spend  notri  to  docroune  P^, 
and  an  inornuso  in  pur  nun  r upend  does  tho  opposite  • it  then  ronminii  to  bo  do  t or- 
mined  if  VJ(  and  v , Impact  upon  other  tnrmn  in  tho  proportional  Ity . 

'i'lui  accticncy  pnrnmntoi’)  A , tn  a function  of  tho  information  derived  from 
tho  nonobuoy  system.  V -lonlt  inn  probably  will  not  influnnoo  this  par  time  tor  nlncu 
It  i n Jnlioront.  t o nonuor  t .eelniolorjy , rnlhor  l.hnn  purnucw  chmcioboriHtiuUi  How- 
tivorj  ns  shown  in  beetles  Ml'AUCII,  r. Minor  nw.it h width,  Wa,  in  a function  of 

o 

Vjt,  for  an  ncmiMtle  nuniuir . Ailditionnlly , on  increase  In  V^,,  could  ruunll.  In 
more  f reunion  t.  updates  by  the  nonobuoy  field. 

3 

Provided  Unit  « command,  cont  rol  mid  communication  (C  ) iiyulcint  exists  whlolt 
permits  the  rtilny  of  updated  1 1. I’m  mat  ten  in  near  rn.'i  l-t  Jinn  , l ho  value  of  l),  tho 
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dtntrnic'c1  r rom  |iur  niu.il'  In  imiiiiini,  In  |ht  Itull  mil  1 y 1 1 >■  lutt -rl . Tlin'i,  midi  t Imuil 
Intel  ligation  hnn  much  the  onmo  impact1,  an  inemauud  purtuttn1  upend. 

Tiro  following  noquoneo  of  two  I'itjuroM  nnd  di  saimiiloh  nhc-m  ttemo  intar- 
rulatod  effeetH  of  themi  detect,  ion  nym.nmu  pammotnru  mid  the  roljitlvo  volatile  ion, 


» 
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Impact  of  Swath  Width  and  spend  Hat.io  on  the  Probability  nt  Dot-nation 
Purpose 

Thin  figuto  shown  the  trado-ofi!  butwaon  tho  detection  range  capability  t>f  n 

l 

purmusr'u  on-boatd  nannar  unci  inaronned  purnuor  npood. 

Pmlo  for  tho  Calculation 

Thin  in  n plot,  of  nqvintlcm  h-33* 

Tho  purnuor  rocip.lvt.fi  intnrmittunt  information  cm  tho  location  of  tho  puniuon 
and  cloDun  tho  lutit  known  ponition.  An  ho  dnou  no,  the  nron  of  uncertainty  grown 
•»  a function  of  thn  npood  of  the  purnuoo  and  Hut  v.imo  required  Cot  tho  pursuer 
to  roach  thiH  pouition  (this  time*,  in  turn,  lnornacmn  with  tho  initial  aoparu- 
tion  diutanoct  and  deormaeen  with  thn  purnuor 'it  epciod)  , 

Tliitt  ninipln  o«no  nurmii.iiu  « mnnor  uyutcin  for  Uio  puriiuor  which  linn  o oonntunl 
iiwnth  width.  Tim  pc  nimbi  I i ty  of  dotnetiem  within  iliin  uw.Uli  In  nut-,  out  nine, 
it  in  norn  ( i . o . , a "Cook  In-Cut  ter" ) . Tlio  |iur*ni«r  cut  n ,i  nw.itti  thmiqli  tho  inv.-i 
of  unocrlnl  nt  y,  and  in  d-ituii  no  |>mjMcu  lliroii'ih  thn  hvii  known  piml  t ion  of  tho 
purnu«n.  Purrmit.  turminutin'i  wlum  the  piirnmn  compl iitnii  a .uwahh. 

Tlio  ur,lu  of  U’ ii 'll  .lint  y cj » < iv.*m  tiom  tho  in  .1  ml.  of  thu  Knit  updat  c>  until  I hi' 
compiot  Ion  of  tlio  1 trill  pnnii.  Thorntoru,  the  |irnlialil  1 1 1 y of  dal  oc:t  km  vat  Ion 
dJ.rootly  with  purminr'H  npood  and  noimor  uwutli  width  .uni  iuvcrm-ly  wllh  ininuino'u 
npood  and  tho  initial  nnp.-irnl  Urn  d I iilanoo . 
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principal  Points 


Largo  incremental  increases  can  bo  notod  for  tho  first  pans  probability  of 
detection  by  tho  pursuer  ns  tho  sensor  swath  v.-idth  is  increnood.  _ However,  an  in- 
orsoEod  nearoh  speed  is  interchangeable  in  effect.  For  example,  « epood  ratio  of 
3.0  xn  combination  with  a If)  nm  swath  width  ruBults  in  the  same  probability  of 
dateation  ns  a 25  nm  swath  width  and  a velocity  ratio  of  about  one. 

Of  particular  interest  is  tha  relative  n lopes  of  tho  throe  example  curves 
snown.  hi  wider  swath  widths,  any  positive  incroment  of  pursuer  to  pumuoe  speed 
rat io  produces  a greater  increase  in  detection  probability  than  the  same  speed 
increment  at  narrower  swath  speeds.  This  illuntraton  tho  interdependence  between 
tho  utility  of  speed  and  other  important  parameters. 
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t'louro  vr-u 


Informal  Ion  of  1’tur  jmctors  of  Intnuni  ttcnt  Information  Mcirlol 


Kr.'ijurnt  Ion  It i Mtnriro  al.  I, ant  nn-’alii  (run) 
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Figure  VI-6 


Intornotion  of  Pnramotorrj  in  fcho  Intermittent  informhtlon  Model 

Purpoae  • 

Th^.»  figure  dlapalyo  the  eEfC'-t  oC  changing  the  titselinaae  of  information 
available  to  the  purouer  an  a function  of  aonHor  swath  width  and  apeod  ratio*. 
Time 11 near  of  information  refers  to  the  number  of  updatoo  during  a pursuit  or 
affectively  the  distance  from  pursuer  to  purnuoo  at  thn  time  of  l««t  updite, 

Paula  for  t.ha  Calculation 

Thin  is  a plot  o I tnjuuLiuu  0-32. 

The  ealtmlotlona  have  t.ho  name  ban  in  aa  thone  In  Figures  VI-5.  Thia  figure 
highlights  tho  do  toe  t ion  probability  nri  « function  of  separation  distance  at 
last  update, 

Principal  Point. a 

1.  The  impact  of  reducing  tho  interval  between  u pd.it on  In  depleted  by  t.ho 
curves  of  Figure  VI-G.  For  tlie  condttinnn  of  a 10  nm  uwat.li  width  and  a upend 
rutlo  ot  .i,  ,i  reduction  in  separation  (llntahcu  l row  100  run  to  50  um  incroasno 
the  probability  of  dot  notion  from  0.24  to  0.40.  Ilonco  improved  speed,  nwnth 
width  and  information  level  combine  to  inoronno  (ho  detection  probabl 1 1 t leu . 
Certain  minimum  rcqulrcmnntn  appear  noeomiary  tor  each  of  the  three  paramo  lore. 
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D.  SPRINT-DRIFT  PURSUIT 


An  additional  example  o f pursuit,  with  intermittent  information  ie  that  of  a 
pursuer  who  must  use  Sprint-drift  taction  to  clone  n pursues.  An  example  is  n 
high  spaed  ASM  ship  pursuing  a high  spend  submarine.  Sprint-drift  tactics  be  corns 
necessary  when  the  sonsor  is  aoouatic  and  the  overall  speeds  oxcood  the  maximum 
speed  At  whiah  the  sensor  is  effective. 

The  pursuer  always  sprints  to  the  last  known  position  of  tho  submarine. 

The  justification  for  this  is  that  tho  submarine  may  reluct  any  courBa  after  hu 
has  been  detected,  and  therefore  it  dooB  not:  bonoflt  the  purauor  to  anticipate 
the  submarine's  now  course. 

The  time  between  adjacent  drift-liuten  poriodti  decreases  as  the  pursuer 
guts  clone*  to  his  quarry  ana  a limit  or  convergence  id  roacnod  when  tho  ground 
gained  while  sprinting  betwoon  drift  periods  equal b that  lost  while  actually 
listening.  This  ia  due  to  the  fact  that  tho  submarine  always  travels  n limiting 
distance  equal  to  tho  product  of  hit.  speed  and  tho  pursuer  drift-1  Intern  time) 
t.h«  limit  of  oonvorganen  in  tho  time  to  nprlnt:  this  dietanca  plus  tho  drift  liii- 
ten  time. 

Uuing  theuo  two  basic  inputs,  an  exprnrinion  can  be  derived  which  enablon  tho 
separation  distance  to  bo  dotonnlned  by  an  iterative  pracasr.  for  each  succennivo 
period,  and  from  this  a separation  distance  hlntory  can  bo  plotted, 

A specific  example  lias  boon  calculated  and  in  uliown  an  Figure  VI-7, 

Appendix  D contains  u dincuuninn  of  the  linulc  iterative  process. 
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Figure  VI-7 


Cloning  Biataneo  Vcrmtu  IMnpuod  Tima  Tor  Varioun  Target  SpeedB  Whon  Purnuar 
Unen  BprinU-Dril't  Tactics 

Purpose  • 

Tho  purpose  o£  thin  graph  ia  to  show  the  effect  of  intermittent  information 
(in  the  form  of  n opr in tr drift  pursuit)  on,  cloning  n target. 

Banin  for  the  Calculation 

The  methodology  fpr  calculating  tho  curves  diaplayud'  on  this  graph  in  din- 
cussed  in  Appendix  D on  pageo  0-1.0  and  0-11.  Basically,  it  in  an  iterative  pro- 
oeas  wherein  each  value  of  oiouuig  diutunco  in  dependent  on  tho  proviouB  olapned 
time  and  target  wpesed, 

At  oomn  initial  time,  tQ,  tho  puruuor  dotcotn  a target  at  an  initial 
dintuheo,  ft . which  can  ho  egunl  to  nr  loan  tl.aii  hln  detection  range.  Mo  then 
uprintsi  to  thin  datum  at  a given  nprint  upend,  V)(.  During  tho  liprint.  and  drift 
interval,  tho  target  han  moved  n dint. nice  which  Jn  Cigna  1 to  the  product  of  ..In 
speed  (Vj, , ) and  the  olapaed  time,  t.  The  put:, mot  now  nprinta  a diutnnee  11^ 
to  the  new  datum,  end  the  pronoun  to  repent ctd  until  tlio  pursuer  reaches  hio 
limiting  cloning  dluUiiioo,  where  - i<n  j a|.proa..hoH  Kero. 

This  proconn  can  hn  viewed  aw  a modified  form  of  puruuih  fliueo  tho  purnuar 
proooedn  to  tha  point  of  the  .lnnt  known  pouitlon  of  the  tnrqut  an  opponod  to 
hooding  toward  the  actual  target  poult  ion  an  in  tho  cane  of  pure  purmtlt. 


VI- 39 


1.  For  a given  detection  capability  and  sprint  apaad(  fchore  ia  a limiting 
dietanco  to  which  the  pursuer  can  close  the  targat.  This  distance  ia  dependent 
on  the  target  speed,  i.n.  tha  limiting  distance  increases  with  inoreaaing  target 
speed • 

This  implies  that  tha  pursuer  must  have  a weapon  rangn  equal  to  or  greater 
than  hla  limiting  distance,  or  n secondary  sensor  which  allows  oontinuoua 
close-in  pursuit. 
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E.  SUMMARY  ANH  CONCUR' lull.'; 

There  aro  two  baeici  pursuit  tactical 

• Tho  "pursuit  ourvo"  Who ruin  tha  pursuer  always  heads  dirootly  for  tho 
target  and  at  acme  point  before  capture  ends  in  a stern  ohaee,  . 

• The  "stonily  bearing"  whom  in  the  pursuer  computes  an  Intercept  load 
angle,  follows  this  path  and  captures  at  a predicted  point. 

Given  aoourato  prediction,  the  steady  bearing  tactic  iu  more  officiant  but 
both  require  puruuor  to  pursues  speed  ratios  of  about  1.5  or  more.  The  marginal 
return  for  apeod  ratioa  greater  than  3.0  ia  amall. 

The  purnuer  can  qubntitute  inergaoud  weapon  ronga  for  a higher  pursuit 
speed  ratio  when  the  object  of  pursuit  is  attack.  The  trade-off  becomes  more 
favorable  to. increased  weapon  rango  an  time  available  to  capturs  is  roduced, 

Vfhon  the  pursuer  has  intermittent  information,  the  area  of  uncertainty  of 
the  pursueu'e  location  grows  as  the  product  of  tho  pursuee  spaed  end  the  time 
since  tho  laet  look.  Thus,  there  is  a trade-off  between  increasing  t.te  pursuer’s 
•peed  and  incroaning  hiu  swath  width  of  dnluctlon.  There  is  also  a much  greater 
marginal  gain  from  increasing  both  speed  and  swath  width. 

In  tho  nprlnt'drift  form  of  intermittent  pursuit,  thoro  is  a minimum 
aBBUrod  range  to  the  pursuee  which  a pursuer  can  achieve.  Thin  is  dun  to  tho 
foot  that  the  purouou  con  move  in  any  dirnotion  during  the  sprint  period  of  tha 
pursuer . in  order  to  cimturo,  the  unrulier  must  nonnenn  either  a oocondary  non  am1 
which  operator  during  sprint  or  a Wu.im.in  range  greater  than  this  inlniinuir  ensured 
rango. 
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A.  GENERAL 


SKCTION  VI  1.  ATTACK  AMO  C;  'I iNTIiliATTAf.'K 

Thia  section  addresses  tho  impact  of  sp»rd  on  the  potential  outcome  of  en- 
gaging  naval  platforms. 

Attack  is  a result  of  a ocquenea  of  events  beginning  with  dotootlon  of  an 
enemy  target.  following  dotootion,  tho  targat  la  pursued  by  an  alerted  platform 
until  their  separation  diHlanca  has  been  roducod  to  an  estimated  or  maasurod  mag- 
nituda.  If  the  initial  target  location  error  and  the  interval  between  updating 

’ • » t 

Of  targot  position  information  worn  sufficient  to  cause  uncertainty  in  final  tar- 
get  location,  a coarch  would  have  to  be  executed  at  the  termination  of  pursuit. 

The  anarch  would  continuo  until  tho  target  had  hoan  rodotocted  or  the  purnuit 
vehicle  had  roaohed  its  limit  of  ondurnnec.  When  search  is  roqulrnd,  the  attack 
phase  ic  assumed  te  be  initiated  at  tho  instant  of  secondary  detection.  Other- 
wise, attack  is  assumed  to  begin  when  the  distance  between  platforms  is  equiva- 

lent to  tho  ranga  of  the  pursuer 'a-  on  board  woaponn. 

Preparation  for  target  aacapu  in  the  form  of  counterattack  boglna  when  the 
target  is  initially  alerted  to  an  approaching  platform.  The  actual  counter- 
attack, of  courso,  cannot  begin  until  the  iliatanoo  between  plal  forme  has  boon 
reduced  to  the  initial  target 'n  weapon  range, 

Another  form  of  escape  ia  avoidance  by  employing  a tipuod  advuntagn  with 
roapoct  to  a pursuer  or  by  meann  of  unlng  npeed  to  munouvoi.'.  A maneuver  might 

be  used  either  to  c.onfuee  the  runny  platform  {ir  tn  avoid  a launched  weapon. 

Escape  by  maneuver  and  avoidance  In  arldri.umcd  In  Dm  "Mnnnuvor  fitir]  AvaJdancu" 
not  tion. 

, In  itti  most  nimplo  form,  t.h"  tactic  of  attack/countoratlack  may  ho  viewed 
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in  tnrmu  of  two  coropotlntj  platform-i,  each  pennons! ng  an  on-board  aurvnlllanoo 
eyntoni  or  oommimlt:, it. ion  .htps'.  to  /.  toimito  r.ynlem.  lnhornnt.  to  oadi  platform  in 

a weapon  system  npncifiod  by  a maximum  range,  a lethal  radius  of  the  warhead,  a 
maximum  d-forco  (acceleration)  which  the  weapon  can  sustain,  and  a minimum  wea- 
pon oy*tem  response*  time,  Response  time  Includes  the  minimum  time  interval 
required  for  all  ovants  between  detection  and  weapon  launch,  i.e.,  interpretation 
of  information,  updates  of  target  position  and  weapon  nut-up  and  firing.  Thr 
travel  time  of  the  weapon  from  firing  to  detonation  might  alao  bo  conaidorod. 

Tha  possibility  of  niancuvorn  to  avoid  a Inunchod  weapon  in  considered  in  tho 
auction  on  maneuvers.  Thus , in  bhia  section,  the  mn**uro  of  effoctivenesi  used 
in  the  relative  positioning  of  the  competing  platforms  suah  that  a weapon  can 
be  fired  by  at  laaet  one  of  thorn  and  contain  the  other  within  ite  maximum  range. 
Tho  firet.  platform  to  accomplish  this  advantage  is  assumed  to  have  won  the  en- 
counter. No  attompt  ia  made  to  aoooatj  weapon  ef foots  (which  aro  not  germane  to 
this  analyin) . 
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H.  ATTACK  AlIAlNfiT  AN  IINKWOIITKO  TAKC.IJT 

Tha  interaction  under  (.•onaiduration  ia  between  two  oppoaing  platforms  each 
•upportod  by  ltn  own  surveillance  nyntem,  internal  or  external.  Kithnr  one  of 
tho  nyatcma  exceeds  tho  othar  with  respect  to  range  or  thay  ora. equal  In  oapa- 
bility.  Tho  platform  with  tho  interior  detection  ayatcm  ia  initially  eotiaidored 
•a  tha  target  which  lator  might  attempt  n counterattack . To  facilitate  the  dls" 
ouaaion,  tha  initial  attacker  is  referred  to  aa  Rad  and  the  initial  target  ia 
oallad  Uluo,  It  ia  onnumed  that  tho  area  of  operation  in  large  when  compared 
to  the  autvolllanco  ranges  of  both  Had  and  Slue.  Thua,  the  benefits  of  greater 
detection  capability  can  be  fully  utilised.  After  detection  of  Blue,  Had  might 
dooido  to  prepare  to  uttnak  or  to  avoid  eng&gament.  Such  a decision  will  ba 
affoutod  by  tho  relative  weapon  enpabi.Utiea  and  iipned  ratioa  of  tho  platforms. 
Thua,  tho  proper  balance  of  platform  upend,  weapon  radiuu  and  detection  range 
can  provide  a commander  l.he  choice  of  engaging  or  nob  ongaglng.  ■ 

A decision  tree  can  bo  conatructcd  for  tho  potential  attacker  based  upon 
hid  heat  ontimaton  of  enemy  capability.  The  parameter a conuidorad  are  shown  in 


Table  VII- 1. 
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Attaok/countarattacU  Syatum  Parameters 


SurvalUanoc  Range 

Weapon  Mango 

Platform  Velocity  After 
Targot  Detection 


Rod 

\ 


Plug 


Hoapon  Response  Tima  T V 

Moanurod  JTrom  Turgot  W1  wg 

Detection  to  Weapon 
Launch 


Tabloe  Vll-2a  and  VIl>2b  Hat  the  outcowea  of  oncountora  under  tho  condi- 
tions lndioatod.  Tublo  Vix-Jn  includes  tho  casos  whore  blue  has  tho  greater 
wnnnnn  rang*?  mahi*  u»T-*nf(  these  where  r.:d  hi:;  tho  weapon  range  uclvantago.  in 
Loth  tables,  1>^  In  tho  probability  of  Rod  firing  a potentially  doetruotivo  woapcm 
at  Dlua  prior  to  or  nlmultanooualy  witli  n counter f iring  by  tha  target.  Tho  term 
in  similarly  dofinod  for  counterattack  by  blue.  Note  that  ovon  though  tUuo 
may  not  have  detected  tha  Hod  platform,  it  dose  not  nocoMnarlly  m««»  that  ho  in 
complntely  helpless.  Undor  noma  ciroumstancou , it  might  bo  possible  Uo  obuorvo 
tho  oouruo  of  a launohed  woapon  and  carry  out  avoidance  manouvors  prior  to  deton- 
ation. 

Tho  simplest  case  occurs  when  Uluo'a  surveillance  range  in  loss  than  both 
tho  uurvctllunco  rangu  and  weapon  range  of  Hod.  Thus,  for  tint  conditions 

U81  > R8j  and  'Slj  > ^W,, 

it  follows  that, 

Hh  *>  1 (1) 

A 
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j“‘ “I1-'" 


Tntilr  VII“2« 

Ct'fiict  Con, 111  loiri  (i ml  nplormtnlHt  U:  Karniltn 
(liluc  Wimpnn  It;\n'|(‘  in  Creator) 


Qonjrnl  Conditional  R_  > Re  » R,,.  j It, 

U1  Ba  2 *1 


C«e*  1 » Special  Condition* i 
V1>V2 


Cnon  3 - Spnoinl  Condition* i 
V1>V2 


R - R 
S W 

Rod  Weapon  + wi  2 , < tj> 

Plight  Tima  ‘ - Vj  W2 


V " \ 

t ~<r  >v* 

vi  va 


Romiltsi  f.  « 1 t f.  * 0 
a n 


Roaultsi  P » 0 | P ■ X , 0 

A B 


c*su  2 - Spoolal  Conditional 


Cano  4 - special  Condition*! 


V > V 
1 2 


R.  ■ K. 

Hof,  Weapon  + 2 1 „ T 

(light  Time  - Vj  Wj 


Rasul  t o i P^  » Pt)  •«  l,  or  Pft  “ Pn  " 0 


V1SV2 


Ranultni  t'  *•  p,  m 0, 

A M 


or  P » Ptl«=  X 
A U 


Tablo  VlWb 

Conflict  Conditions  and  DotormJ  nlntlc  XoMultb 
(Hud  Weapon  Kongo  In  Ciron lor) 


Gonnrul  Condi  l ion u i R > R > » > ft 

B1  B2  "l  w; 


Cam*  5 - Special  Conditions i 


Cano  fi  - Bpooiiil  Conditional 


V1  * V2 


V1^V1 


Ronultu i 1 and  1',,  - n 


Raoul in  i pft*»  0 and  P • 1,  0 
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More  inl  et  out.  I nq  c.-iuom  evolve  when  the  weapon  range  of  Hod  lit  lenii  than  the 
BUl'VClll  laneo  l.ingo  nf  ItltH'.  Will'll  Hill,  orcmit,  the  oond  11  I our,  111  Tallinn  VI  7 — 3.1 

and  VII-2b  may  Apply  am!  both  partion  enter  Into  the  docini.on  process, 

Tho  (Uacunslnn  nf  Tobin  vit-Jn  begins  with  Case  1.  An  tho  general  condi- 
tions indicato,  tho  potential  nttaakor  is  either  at  a weapon  tango.  disadvantage, 
or,  at  bpat,  equality  (l.n.,  1^  j H^  ),  Nownvnr,  tho  attacker  is  capable  of  a 
grantor  platform  Hpoed.  It  in  atinumad  for  thin  analynlu  that  tho  detection  range 
capability  of  entih  nyntom  in  groater  than  or  equal  to  itn  woapon  range . In  other 
words,  even  if  o weapon  could  travel  beyond  thn  maximum  detection  range  of  the 

i.i 

ayatom,  it  would  not  be  launched  because  of  a lack  of  target  information. 

Mff*  relative  detactJo'i  ranged,  weapon  rangi-m  and  aputada  have  boon  do- 
fined,  tho  filial  parameter  to  bo  aonwtdarcid  ie  the  target  weapon  rooponse  time, 
nlnco  the  initial  tiVi.sckor  in  at  a weapon  range  dinadvnntage,  he  muut  roly  upon 
Speed  in  order  to  entry  out  a miocunnful  attack,  hod  muet  ponition  himself  with- 
in tho  t.'i.i.ul."  of  muK.'uiiuii)  uiiiimy  weapon  range  j n order  to  commnnue  firing.  The 
time  availoblu  to  ncnir .plinh  nu..’h  u ponlUon  in  defined  in  Table  VII-2a,  dine  1, 
to  be  i 


- V 


V1  -V2 


(a) 


Tlie  d. Iiiliiiu.ii  depleted  in  tlio  iiunwralui  of  tho  above  lennii  in  tho  difiarenoo 
between  tho  maximum  rtutaclion  range  of  nine  mid  tho  won,  on  rango  of  Itad.  Thn 
donamlnntor  io  tho  volooily  rilfCuruiica  of  Ui»  pint: forma.  Thin  uimpln  form 
hoi dn  only  uf  Loi:  both  pintforniu  have  doteeti'd.  Prior  to  u llluo  cauuturdutoot  ion, 
Hod  will  be  cloning  on  Hltm  lining  a pur  mi  It  or  coniilvuil  bearing  cournw,  and 
tho  relative  voloclty  in  nioro  complex . Timm,  tiu-lton  aro  cltncunaud  in  tho 
pur  mi  1 1 unction.  However,  fitter  Hed  in  coiiiilordel  noted,  it  in  emiumed  th.it  111  tie 
chocHoti  it  courno  directly  away  from  Hod.  nuhninjuniit  to  thin  nmnuuvor,  tho 
rulativu  velocity  uii.ipli f ion  to  Urn  denominator  nliowu  in  equation  (2). 


Avoid. me*'  tiifiiH'UVf’ V'i  tc.  i i’.Iuiv  wi'.i|v>n  -i>  (Uti  ,r 'y  would  again  (|  -'herati'  an  . 1 1 yj  1 1 ] ,1 J 
component.  in  tho  tnl.,1  ivo  velocity  cxpi  uuuion.  However,  <i.i  (lortmL  conditiuim 
exist.  Rod  ban  fired.  ni neuouionn  of  this  situation  in  contained  in  tlia 
maneuver  and  avoidance  wn';l  Ion. 

In  Cn«m  2,  the,  timo  roqutrud  for  tho  attacker  to  fire  in  equivalent  to  enemy 
weapon  response  timo.  Tho  outcome  for  thin  cot  of  c.'rcumat anoca  is  n standoff. 
The  platform  capable  of  the  greatest  wurvo Lllunca  range  do,  Ides  who  that  and 
PB  are  equal  to  one  (1)  or  zero  (n)  . If  It  is  decided  to  attack,  the  target  is 
capable  of  nuccosful  counterattack.  Thun,  such  a decision  would  bn  dominated  by 
other  considerations,  o.g.,  if  Rod  an non nod  the  target  to  bo  of  greater  value 
than  his  platform  or  if  the  weapon  systems  worn  nut  of  oqun.l  capability.  If  Rod 
annciBHod  hill  weapon  to  bo  inoro  reliable  and  lethal  than  that',  of  tho  enemy,  ho 
might  attack  oven  though  ho  would  incur  retaliation. 

ni  in  f'r>"n  * * nit'mtion  whereby  Red's  velocity  advnntacm  iH  not 

adequate  to  bring  about  favorable  results.  Tf  the  attack  doen  occur,  n miccnua- 
ful  counterattack  will  renull,  and  P ■■  1.  However,  if  Red  in  rational,  ho  will 
avoid  un  encounter  with  t hn  detected  enemy  jind  both  P and  P will  equal  zero  (0) 
Cano  4 depicts  a hopele:i!i  ci  rcumnt.aneci  fur  Red.  He  deeu  not  punmviii  a velocity 
advantage  to  compeiinati'i  for  Interior  weapons . Thun,  bin  only  alternative  in  lo 
detect  the  enemy  viitli  IiLm  superior  range  survri  1 lance  ays  tom  and  to  continue  in 
avoid  him.  Any  encounter  villi  romilt  in  an  advantage  to  liluo. 

Case  !>  in  Table  Vll-2b  present n tho  conditionn  of  engagement  which  greatly 
favor  Red.  He  ponuenuen  a unrvcil lance  range,  weapon  range  and  velocity  advan- 
tage over  lUue.  Thun,  Red  can  always  initiate  an  attack  at  his  dineriit Ion. 

Cane  0 in  Table  Vll-HI,  in  the  remaining  ret  of  eoridl  t louu  to  be  count  derod, 
Hinco  the  potential  target  platform  Imti  <i  ripced  advantage  and  a surveillance  rang 
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groa'  or  than  Rod’ll  wo..  | ion  range,  h«  will  probably  chnonn  to  avoid  tho  enemy  by 
outdistancin')  him.  Any  cm  mini  or  will  result  in  an  advant  age  for  Hod. 

Tho  rcnult.o  ahown  in  Table  VlX-2o  and  in  TAble  VII-2b  can  bo  eonnolidtttod 
into  tho  oimpliflnd  diagram  of  Figure  VII-1. 


Fiyuro  VII-1 

Impact  of  Speed  Ratios 
on  tha  Probability  of  Attack 


•reliability  [ I’. 

jf  Attack  » 


0 


~4~~ 

1.0 


V,  / V, 


Speed  Ratio 

In  nummary,  on  tho  nolid  lino  shown,  whenever  Rod 1 n weapon  range  exceeds 

Blun'u  dotuction  rnnqti  ( It.  > M„  ) , for  all  speed  ration,  tho  probability  of 

attack  by  Hod  in  unity.  When  Hod'fj  weapon  range  In  Ion  i than  ltluo'n  dotuction 

range  and  t lit*  Rod  to  llluo  upoort  rat  io  in  Icon  than  one,  Him-  ban  always  avoid 

(i.o.,  P •*  0)  . At  Homo  Rod  to  llluo  speed  rat  io  (V  /V  ) greater  than  one,  Red 
A 12' 

can  clone  and  attack.  The  specific  value  depend;,  on  other  paramoturti.  Tho  pro- 
bability of  Hod  »it. t ack  dopnndo  on  relative  weapon  capahll  i tinri  and  the  other 
fuctorn  previously  indicated. 

Figure  VTt-2  i lluntraten  an  example  In  which  an  attacker  can  une  a upend 
ttdvantago  to  compensate  for  an  inferior  weapon.  In  thin  oana,  Hod  uuod  the  in- 
terval of  lilua'n  weapon  renponoc  Lime  to  attempt  to  clone  at  high  speed  and 
launch  bin  own  weapon  prior  to  liluc'a  weapon  launch. 
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riquro  Vl.T-2 


» 


Impact  of  Relative  Spoort  and 
Syntom  nangos  on  Weapon  Honponno  Titmn 

Weapon  HosponHo  Timet  (hr) 


Itoijnl  ii*cl  At  t .u-kur  fit '..■<>< I A'lvmil  a<|i> 
(Knot  n) 


Figure  Vll-2 


4 


Impact  of  Relative  Spued  end 
System  Kanges  on  Weapon  Response  Timo 

Purpose 

To  show  the  degree  to  which  mi  attacker's  spaed  advantage  can  compensate 
for  an  inferior  weapon  range  whenever  the  target's  weapon  response  timo  is 
’ groator  than  aero.  • • . * 

1 Baals  for  Calculation 

The  timo  available  for  a potential  target  to  counterattack  is  a ratio  of 

i 

specific  uystom  ranges  to  relative  apocdn  ae  shown  in  the  following  equation i 


whore t 

T » Weapon  response  time  of  initial  target  (Blue) 

a 

8,  » tX.-t.act  Ion  rnngt!  of  initial  target  (Blue) 

* d 

R 

*■’  Weupon  range  of  attacker  (Hod) 

V^  * Velocity  of  attacker  (Red) 

Vj  » Vui  >clUy  of  Initial  target  (Bluu) 

Aonumpt.loim 

The  attacker  (kud)  detection  range  exceeds  the  Initial  target  (Blue) 
detection  range  (i.e.,  It  ► R ). 

C1  8a 

--  Blue  weapon  range  exceeds  Had  weapon  range  (A.o.,  ) . 

Red  desires  to  dollver  a lothal  wuapon  against  Blue.  However,  boenuoo 
nod's  weapon  range  iu  Vouu  than  Blurt's,  Hod  muni  prepare  far  launch  and  them 
drive  to  n position  inside  htri  maximum  weapon  range  before  Blurt  court  1 n rut t.ack ■ 
Blue  dotectu  hurt  at  a rouge  It  , and  munt  respond  or  count  oral  tack  prior  to  the 
time  that  Red  elouen  to  within  R^  nautical  miles. 
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Principal  Point.1. 

1.  Figure  VII-2  nhawo  that  for  tho  cane  whore  niuo's  detection  oyBtam  oxonods 
Hod' a weapon  range  by  30  nm,  a Hod  velocity  advantage  as  groat  ao  3.00  knotn  ntill 
permit*  ■ueeennful  counterattack  by  lllua  if  blue1*  weapon  response  time  is  loan 
than  0.3  hours  or  13  minute*.  Modurn  tactical  weapon  syntomo  have  much  shorter 
response  tlmon. 

2.  For  leaner  range  difference*  (R  - R. , « H nm)  , a relative  vo3.oc.lty  of  3.00 

S3  "3. 

knots  limit*  tiluo's  weapon  response  time  to  3 minuteii  for  uuceeDsful  oountor- 
attnek.  Thin  value  also  might  be  more  thun  adequate  for  a tactical  weapon, 

3.  The  third  case  whereby  H -It  » 1 n»  result.*  in  a maximum  weapon  rooponao 

d2  W1 

timo  of  approximcitaly  ono  minute , when  l.jd's  volocity  advnntngo  in  40  knotn  or 
greater.  Thus,  it  oan  bo  noon  that  a upnod  advantage  muat  be  large  in  order 
to  ensure  tho  first,  shot  unions  the  detection  rango  of  the  initial  tergal  and 
the  attacker  \js3pcn  range  are  nearly  eemyareh'c.  it  might  >.«*  ronrennVilo  to 
anaume  that  « groutor  payoff  ronult*  from  improving  weapon  rnngnn  than  from  iri- 
oronaing  platform  speed.  llowovir,  after  weapon  launch, upend  may  bn  very  ndvanta- 
gooun  in  degrading  onnmy  weapon  accuracy.  Thtu  applies  l inn  of  npaod  in  attack 
in  addrciNueil  in  (ho  following  auction  on  maneuver  nnd  avoidance. 
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t\  ATTACK  AC.AINRT  AN  hf,COHTl:l)  TAUCKT 

An  interception  scenario  incorporating  on  eBoort  platform  was  addressed  in 
tho  section  on  Convoy.  A similar  situation  in  considered  in  this  nubaaotlon, 
emphasising  the  general  parameters  of  attack  end  countorattaok . 

Figure  VII-3  shows  tho  geometry  of  tho  throe  platforms  involvod.  Initially, 
an  attacker  (Hod)  detoctn  n primary  target  and  makes  an  approach  for  weapon 
launch.  Tha  primary  target  is  escorted  by  a defensive  platform  which  is  employed 
for  counter  demotion  and  dafansu.  To  greatly  simplify  tho  analysis,  it  is 
assumad  that  Rod  approaches  from  a direction  directly  opposite  tho  escort  vehicle 
(i.e.,  points  ropraaent ing  attackar,  target  and  eacort  nro  located  on  the  aamo 
lino).  At  the  momant  of  counter  detection,  tho  target  turns  diruetly  away  from 
Rad,  toward  tho  escort,  vehicle.  The  escort  simultaneously  speeds  directly  toward 
Red. 

Pertinent  parnmoeorn  ara  listed  in  labie  VII-3. 
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Flyura  VII-3 


floomatry  for  Kacort  lntorcopt  of  Attackor 


i 

i 
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:-T^ 


.ttttcknr 


' I N\ 

( lAttnekor  S. 

\ / tfiiapon  Radlua  > 

s. 


/ 


Tar gat 


(D  >•  IniLlul  Bnpai.iUuu  dlul.uncu  bwtwoun  convoy  nml  oficart.) 
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Table  VIi-3 


Parameter*  for  the  Interception  Scenario 


RED  SLUE 

CONVOY  ESCORT 

Speed 

Weapon  Radius 

Time  interval  between  counterdetnotion 
ar.d  read  innun  to  launch 


Escort  uurvaillanca  range 

Distance,  bo  two  on  Euaort  and  Convoy  at 
t<m*>  of  detention  of  Red 

Distance  traveled  by  Rod  from  time  ho  in 
oountordetooterf  until  ha  can  launch  bin 
weapon 


Li 
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Uning  t.ho  parameters  of  M'nlil t;  Vlt-3,  tho  distance  (X^)  traveled  by  Rod  from 
tho  point  ot  count urUctoction  to  potential  weapon  launch  iui 


X1  " KB3  - \ " D + V2  \ 


and,  ainoo  xj  " vi‘TW  1 


% - \ - » + V„  T„ 


2 W, 


♦r  » 

wi 


(3) 


(4) 


or 


\ " \ ‘ 
If  r . . * 

W,  v " V 

1 V1  VJ 


<S) 


'l  2 

A corresponding  culcunltlon  for  X^,  tho  distance  traveled  by  the  escort  vehicle 
from  tho  time  of  countordDtection  to  potential  weapon  launch  ngalnat  Hod,  ini 


It  follows  that! 


*3  ■ \ - ("«3  - \ - ” * v:  \] 

\ ■ \ -Is  ' \ Tw,]  - \ 


<*} 


(7) 


or 


\ + D “ 


(n> 


Table  Vll-4  shown  relatives  conditions  of  Tu  and  1'  and  corresponding 

w 1 w3 

results  of  potential  anomiuloru . 

Tho  reunite  oro  aimpln  in  that,  tf  Hod  requiron  longer  to  position  htmsiclf 
for  launch  than  doaa  the  pucort,  attach  will  fnll  (Cano  1).  A losaor  time  require- 
ment rosultn  in  micccirintnl  attach  (C/iho  .1),  from  the  equations  depleting  ’ll.  anil 

W1 

Tu  , relative  tipped  can  bo  noon  to  impact  upon  tho  potential  rpuultn.  Ilowovor,  riome 
w3 

situations  cxiot  whan  npcod  Imn  little  impact.  Thoao  can  bo  do tar mined  by  nbnorv- 
ing  equations  (SI  and  (0), 
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Table  VII-4 


Conditions  and  ReBtilfcB  of 
Interception  Scenario 


Cnee  li 

Condition i 


> T. , 


or 


"»!  * ° ' \ 

’ -vrr7r~ 


Raoulti 

PA  « 0 i Pj  ■ l)  C 


Cone  2 i 

Condition i 


Result t 

PA  » 0,  1 l 1>D  - 0,  1 


Cana  3 i 

Condition i 

V ' 


Kaoult i 


1 a " 1 1 pn  " 0 
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Tho  lllimor.it <11  of  ofju.it  1 on  (!>)  hiirnm.'f.  negative  when: 


'S  > "«3  “ D W 

Thin  implies  that i when  tho  weapon  range  of  Rod  oxcaodn  tho  uurvaillnnco 
capability  of  Blue,  a nvicgosnful  attack  can  ho  executed,  rogardlooa  of  the 
relative  Hpeode  of  thn  throe  platforms  of  intoreat, 

Tho  numarator  of  equation  (6)  bucomes  negativo  whom 

**3  =*  \ + D (10) 

Thus,  given  that  Rfi  2 R^  > a Bueeonnful  dofcinoci  can  bo  carried  out  whan 
conditions  of:  equation  (10)  apply,  regardless  of  relative  Bpoods, 

Ona  furthor  observation  is  notod  from  equation  (R) . If  iu  greater  than 
Vx  , tho  target  can  nlwnyn  osanpu  from  Rod,  given  that  Rg  - l)> 

Thun,  'there  tiro  many  Bltuot.ionn  whero  npood  can  influence  the  outcome  of 
attack  - uountorfu.L.pck  nconariou,  OLhor  parcim«torn  «uch  an  wnaponu  and  tuir- 
voilltmoo  ayutomn  are  equally  important  and  tlie  utility  of  upend  nhould  he 
conuidercid  in  t.liiu  context. 
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D. 


SlIMMAltY  AND  CTIN<'|  IIMOMIi 


Thin  HlK.t.inM  initially  coiiutdorcd  Llic  gmiui.il  <it  l ack-  ennui ei  ut  t uck  lit cnar J o, 
idontlfyitig  tho  potential  rolatlonnhlpu  among  tho  vnrioun  ptiruraohorH. 

2n  onhaooUon  li,  ATTACK  AGAINST  an  tiNKncnuTun  Taught , tho  rmo-on-ono  uitun- 
tion  wnn  (Hncttuuod. 

Thorn  ore  £mi*r  import  jinK  vniiablott  for  each  plat  form  (target  and  nttnckcr) 
which  impact  on  tho  outcome  of  attack  anti  counterattack.  Of  couruo#  npciad  of 
ouch  platform  la  Hio  primary  one  under  conaidcration.  Tho  o thorn  aro,  for  o«eh 
platform,  rurvnil lance  range  ( included)  external  tioureon)  , weapon  rango  and 
weapon  roepotuio  time  (moamieed  from  do toot ion  to  weapon  launch) . Several  canoe, 
then,  aro  relevant. 

Cant!  I.  Attacker  mtrvui .llanoo  range  and  weapon  range  are  both  greater  than 
tho  target1!)  nurvoi linnet’  range.  Tn  thin  cane,  npeed  lrj  irrelevant.  The  out- 
come in  ainipln,  div.-gt  doled. ton,  the  attacker  .tin  alwayrt  attack  fho  target. 

The  target,  never  linn  the  opportunity  to  counterattack  or  evadn. 

(,'auo  II.  Attackin'  weapon  range  In  1mm  than  the  target  weapon  range,  and 
add  ill  nua  .1  ly, 

(1)  Curie  11-1.  Tho  target.  mtrvui  1 1 anon  range  lion  between  tho  al  lacker 1 h 
nurvuil  lence  rango  and  at  l arl.or 1 n weapon  range.  in  Cane  11-1,  when  the  atl  ackur 1 n 
Hpeed  in  great. rg  Ilian  the  target  npeed,  the  onto  mu.  depeiulu  on  tins  Liitgot'u  ro- 
npoiirio  time. 

The  engagement  connli.in  of  the  attacker  delve:'  ing  (or  receiving  knowledge 
of)  the  target  and  dewing  the  range  to  the  target)  lull  the  tai  get.  ccninterdotoet  a 
the  filtaoker  before  the  attacker  in  in  a ponltJon  lo  launch  liiu  weapon.  The  t.ir- 
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get  then  I mu:  ,iw  iv  1 1 "in  tli.-  .iti.irl.ii  .ml  prepares  to  count  or.it  lack , till  operation 

whit'll  Lakes  Homo  l into.  in  the  meantime,  'tie  attacker  centime";  to  close  tin:  dis- 
tance ttiit.ll  it  runchen  weapon  range.  For  simplicity  of  description,  weapon 
flight,  limes  are  0011*1)  do  red  to  be  7,  oro. 

Whon  the  distance -speed  rciintionn  nre  such  that  the  timo  to  clone  thiB 
distance  in  lens  than  the  target  response  timn,  the  attacker  nlwayn  attacks 
and  the  target  does. not.  ■ , 

When  the  time  to  clone  i si  equal  co  the  target  response  time,  the  attacker 
may  choooo  to  brook  off  the  attack,  in  which  caso  the  target  never  haN  tho  op- 
portunity to  do  no  (i.e,,  neither  attacks)  or  the  attacker  attacks  and  the  target 
also  at  tack  n . 

hastily,  when  the  time  is  greater  than  the  target  response  time,  the  attacker 
should  break  err  his  "attack")  otherwise,  tho  target,  may  choose  to  counterattack 
CS  it:  ir.ny  ih*  nM*nr«K. 

(2)  Cant*  11-2.  The  target  upend  i-  greater  th.in  tho  attacker  spend.  In 
thlsi  case,  t he  nt  tanker  dct.ocl.si  and,  as  b*’for  *,  the  target  eounterdotcctn  bo- 
lore  the  attacker  readier!  iln  weapon  range.  At  thin  point  the  target  can  turn 
uway  and  open  or  luninl  aiti  range  in  a "Mexican  r.l and-of  f " or  the  target,  might, 
choora:  to  allow  the  j amje  to  clone  ftir'.hor  (oven  helping  it)  hi.d  engage  the 
attacker . 

Cane  111.  The  attacker 1 si  surveillances  range  a ini  Weapon  range  are  each 
greater  that  t li"  target's  correripondl  n:j  parameters,  and  the  target  siurvoi  1 lance 
range  in  great.1!  than  the  at  l ackei  ' 11  weapon  range.  If  the  at  l acker 1 si  speed  isi 
also  greater  than  the  1 .11  gel  speed,  the  attacker  always  attacks  and  the  target 
never  has  the.  oppml  uni  I y to  eimnt  1 rat  t ;r  k . If,  finally,  tho  target' si  speed 
iu  grad  or  than  at  t. sicker ' si  speed,  tlu*  target  will  piolvihly  choose  to  avoid  engage- 
mo  ht  . 
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In  any  of  the  above  '-.iuit,  when  ruif  player  has  Um  option  to  engage  the 
other  and,  by  no  doing,  allow  a countornLLuck,  it  will  cliooao  to  do  eo  on  tho 
bnnls  of  factors  other  than  those  ronnidoiod  herein  (o.g.,  relative  worth  of 
the  two  forcos) , 

Bubnoetlon  C,  ATTACK  AGAINST  AN  ESCORTED  TARGET,  addroBBOB  the  cane  of  a 
convoy  on  cor  L (nine)  prosecuting  a counterattack  against  Rod,  who  1b  attempting 
to  attack  a convoy  ship.  Timoly  counterattack  by  the  escort  is  found  to  depend 
on  Initial  geometry,  relative  detection  ranges  and  weapon  ranges  as  well  an  on 
rolativo  npoed  capabilities . 


SECTION  VIII.  MANEUVER  AND  AVOIDANCE 


A.  GENERA!. 

In  thin  diitcuBsion  n nmnnuvor  in  defined  ns  any  tactic  that  in  omployod 
by  a naval  platform  which  in  designed  to  favorably  altar  tho  potential  outcome 
of  any  offanoivo  or  defensive  engagement.  For  oxamplu,  a platform  whose 
intent  in  to  engage  with  an  enemy  force  might  possess  a weapon  range 
capability  loss  than  the  target  which  in  to  bn  attacked,  Consequently . a 
maneuver  could  be  executed  after  coming  within  the  weapon  radius  of  the 
enemy  to  aauue  confusion  and  also  to  degrade  the  accuracy  of  weapons  launched 
during  counterattack. 

Munouvoru,  in  general,  relate  to  all  of  the  topl.cn  addressed  in  the 
proviouB  Mentions.  In  almost  every  case  analynad  In  tliono  sections  an  orfonnive 
or  defense  maneuver  can  be  victual  ixod  which  ha.,  the  potential  to  produce 
an  advantage  during  engagement.  This  nee t Ion  will,  thorn fora,  bo  of  a more 
general  nature  than  the  a thorn.  Tn  many  canon,  th>  ability  to  carry  out  u 
maneuver  In  limited  by  relative  speed  ration  and  other  rectors.  Succouuful  nvoid- 
anco  normally  requires  gi  eater  speed  than  that  obtainable  by  the  opposing  force. 
Thus,  the  Intent  of  this  section  is  to  present  cases  of  maneuvers  which 
might  impact  on  the  result,  of  ns  engagement  and  the  relative  upends  required 
to  produce  n significant  change. 

Of f (nisi vc  and  defensive  maneuvers  are  discussed.  Olloiisivo  maneuvers 
ere  those  movements  which  me  used  In  ineroauo  the  pi  tihnl.i  1 i ly  of  miccouh- 
ful  attack  elt  tier  by  coni using  the  enemy  or  by  achieving  a favorable  launch 
position!  dofeiint  vn  maneiivciru  arc  used  t o achieve  escape  by  avoidance  or 
to  reduce  the  accuracy  and  destruction  potential  of  enemy  Weapons. 
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Throe  liuboucl  Lunv  follow  which  .uMi  o-.:j,  In  oulov,  the  appl  ic>it  Ion  of 

maneuvers  to  pursuit)  search  and  attack,  A fourth  subunotion  (E)  consolidates 
findings  of  subnoctionn  B»  C,  and  t),  no  they  npply  to  convoy  transit  through 
an  area  under  surveillance  by  a dedicated  enemy. 
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H. 


PURSUIT 


During  the  pur nui  t of  blue  unit.n  by  a Hot!  force  (in  which  Rluo'n  cwmtar- 
detection  range  in  greater  than  Hcd'n  weapon  range) , a minimum  upend  advantage 
muot  bo  ountainod  by  Rod,  Thin  advantage  munt  bo  uufficiont  mich'that  tha  lllua 
la  overtaken,  do  toe  tort  and  attacked  prior  to  tho  nccompl  Itihmont  of  tho  Hluo 
mission. 

Tho  Puruult  auction  d I ttcunnod  ' wo  potential  nJUwitiona  which  might  occur  - 
pure  pursuit,  with  Hod  having  coni  Inueu.a  informal  Ion  an  to  Itluo'n  location  and 
pursuit,  with  inturmlttont  information.  tittle  can  be  added,  aa  far  aa 
maneuvers  arc  concerned,  with  respect  to  pure  pursuit.  If  tiluo  also  hnn 
information  on  Rod'u  location,  ho  hau  two  altornat ivoo,  preparation  for  attack, 
or  attempt  to  ouenpe.  Tho  choice  will  depend  upon  Hlue'n  maximum  speed  and 
weapon  capability  relative  to  Hod. 

For  the  wit nation  whereby  Hod  lecoivea  i alarm  1 1 tent  target  location 
information  and  Ulun  receives  intermittent  or  total  I nformal  ion , iiunouvorn  or 
avoidance  can  be  employed  hy  nine.  The  intent  of  tlrum  maneuver.".  would  lie  to 
Jncrenno  Ulue'n  area  of  uncertainty  during  period',  of  Red  Mind  pursuit 
and,  tlmri , break  Rr»d*e  pursuit  and  lm|*ciidinf|  eM.irk  re-  t|ain  t imn  in  order 
to  execute  a minniem  oblirelivo  prim  to  ,vi  i ivvi  t aMo  Red  attack,  (.iven 
the  rerpiiiii.tr,  Red  speed  advantage  ami  update  frequency,  an  eventual  engagement 
Would  be  Inevitable.  I .eta,  frequent  updates  might  reiiell  in  escape.  Of 
Course,  if  blue  could  oulsprlnl  the  purme’r,  encape  v/t  mi!  • l always  he  paan  i 1,1  <■ . 


Vlll-.'l 


C.  KEAHMI  AND  DKTD  T 1 riM 

The  value  to  Blue  of  Iticrcannd  maneuvering  upend  to  roduen  the  probability 
of  initial  detection  by  Hod  dopondrt  on  othur  fuctorn*  nuoh  an  the  typo  of 
■anaor  ayntom  employed  by  Hod.  An  example  which  illuntrotoa  aomo  of  thaoo 
factor n 1b  that  of  Kod  ocfirching  on  area  A with  randomly  plieod  pamsivo  ncountio 
•nnaora  (n.g.,  a fluid  of  panel vo  eonobuuyn) . Aneiunc  that  blur  1b  Initially 
nt  tho  edge  of  tho  area  A and  hluo'n  minr.ion  requlron  trnnnlt  of. tho  area, 
ilia  objective  in  to  employ  maneuver (u)  nt  tho  appropriate  upend  (n)  to  avoid 
detection  by  thcee  Bonttora. 

Tho  utility  of  nlua  opeed  in  thin  prnhlem  can  be  illuminated  by  eonnidoring 
tho  banic  anarch  aquation  for  the  curio  of  eoro  ooarohnr  npoed  (uonobuoyii) 
which  hen  the  following  formt 

1>„  " 1 - W(-N*[«(V)  W./A)  (1) 

where i 

pp  “ Probability  or  detect  ion  of  blue 

N “ nnmljor  of  Hontiorfi 

V ••  opeud  of  encroaching  blue  unit 

0<V)  - detection  are,.  of  one  Hod  npirinf  for  a npnrll'lc  blue  upend,  mono- 
tohic.llly  incrennlng  witli  bine  npeod 

I.  » length  of  liltin' n patli  through  A 

A " total  area  being  nenich"il  liy  Ku.l 

Hie  ncountio  men. ore  me  anrnimed  to  be  dlnp.'imnl  randomly  throughout 
the  total  nroa  of  Hnaroh  (t.n.,  there  urt;  no  linrrlorH  In  be  cromuid)  . 

The  nunilier  <;f  nenmirii,  M,  and  the  are.i  A ere  pummel  ora  under  control 
of  Hod.  I.  and  £>(V)  are  paramet  urn  emit  mined  liy  blue. 

The  nmallnr  tli.it  blue  can  make  the  product  '.'(V)-!,,  the  lower  the  probability 
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o£  his  being  detected  by  Itud.  blue  cun  mi  iiJ.ml  .*.e  I,  by  1 1 iin:.  i t l inj  ovei.  I bo 
Shortcut  length  path  through  area  A,  Tim  npoeific  form  of  the  term  (}(V) 
dopundu  on  tins  total  rad  in  ted  no  i tic  of  Ditto  an  a function  of  bln  upend, 
tbs  environmental  eondl Lions  mtd  tha  capubilll lea  of  tho  Hod  nonobuoyn. 

For  purpcmt'H  of  thin  di luunulon,  the  effect  of  the  onv l ronment  can  bo 
viawad  an  n background  nolmi  wblr.it  onlubl  Inboit  n lower  thranhold  of  detention 
nnd  thus  a value  of  flluo'u  total  radiated  noirio  below  which  Red'H  do  toot  ion 
range  (from  oneb  nonobuoy)  would  ba  ennent.lally  Hero. 

Blue's  total  rad  lit  ted  noirtu  in  compound  of  two  nut  jot:  components.  Tito 
first  in  internally  generated  noiflo  which  in  approximately  constant  Cor 
all  npoudn.  Tbo  second  in  a combination  of  f low-nuitmn  emanating  front  tbo 
hull  itself  nnd  from  niuo'n  propeller (s) . For  modorn  attack  nuclear  nub- 
marines,  nt.  tpeecin  below  about  10-12  knots  tha  internal  no  inn  dominnten  and 
the  total  ^acUated  noise  level  in  approx  1 mat : ty  court, tnl.  over  ttv*  upend  range 
from  kero  to  about  30-12  knotii.  At  higher  speed.*;  Iho  flow  iioines  dominate 
and  the  total  noino  otivulopo  rlneu  inunnl  out cnl  ly  with  npeoil. 

lb  Ittlnim Ire  the  Value  of  the  letm  p(V),  nine  nltould  proceed  ,it  a i.peud 
below  about  10  12  knot  it.  Tin*  expert  rtl  value  of  p(V)  will  lie  del  ei  ml  lied  by 
the  rnlltt  lonnbl  p Iiimili'l  It  1 1 1I  t 1 ri  Internal  fie)  f intlne,  t lie  b,irkt|i  utiltil  lioli.e  level, 
the  at  ton  ii.il  ion  of  lUiie'n  noirio  witli  tipre.id  I ng  and  I lie  avei.i'je  c ap.ibl  I 1 1.  inn 
of  Hod'n  nonoliuoyi,  (l.e.,  the  Figure  of  Mill,  of  ll>.  c.cimihuoYn  agaluut  Itltii! 
in  Hie  existing  envi ronmehl  ) . 

Thun,  llltin'n  brnl  turtle  In  Id  take  t be  mout  direct  pat  b through  A (l.e., 
inlmlntze  1.)  at  a npued  below  about  10-12  knot  n (ml  nlinl  r.i  Qf.'J)  ). 

Dal.be r than  randomly  employ  Hoiwnrn  over  the  entire  ritu.i , tbo  Hod  force 
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nlytil  elect  to  fill  m .1  Imi  tier  nr-iimn  t bote  point v.  Again,  l.lie  tactic 

for  Blue , noting  only  nn  knowledge  of  sonnor  capability  and  not  on  legation 
or  frequency  of  coverage  along  the  barrier,  romnlnn  to  nolnct  the  mo*r.  direct 
route  and  chooao  hin  npood  nb  diuuufiBod  aliove.  However*  once  information 
becontea  available  concerning  barrier  location  and  frequonuy  of  coverage* 
a aprint.  npood  can  bo  relucted  which  will  permit  traiinit  tit  tlm  barrior 
betwonn  periods!  of  notieor  eovoragn.  A nimilnr  rationale  wotiid  apply  to  bread 
area  search.  Ccmnequcmtly,  It  la  Implied  that  a bounded  upend  in  required 
of  Blue  when  he  ie  completely  ignorant  of  Kod'n  nonnor  deployment  and  tnotion 
of  operation.  However*  whun  thin  additional  information  about  thn  Red  iorao 
become a available  to  lilne,  he  can  apply  upend  to  examine  avoidance. 

For  nonnorH  employe's!  by  Red  for  detection  whemo  range  ot  detection  in 
indepundunt  of  Blue's  upend,  increased  upood  might  or  might  not.  net.  an  nn 
Mt*bet  f\*i  r.hlv.  A »iiiif.*j*  which  in  Capat/lo  of  c'o.it  1 nnoutd > »..:. >>i to; ..  «.g  ** 
area  with  a high  probability  of  detection  will  identify  a target  prefioncn, 
regard  lent)  of  Bhte  aimed.  The  following  equation  dencribon  thn  bantu  rilluallont 


*Nnva  1 bpunitionn  Anal  ye  In,  lint  I nd  i'.t  .U  nn  N.iv.i  I InntlUHc  (Ann.ipol  In,  Maryland, 
lbCtl ) , t’hajit  ui  d. 
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Equation  (2)  t mil  cm  ten  lh.it  for  n lilqli  iiln'lln  qllmpMc  ploliilji  lit.y 

u 

probability  of  dutucttun  (1*^1  would  In;  Iiimi  unity  even  [m  value;.  of  N ■ 1. 

A HatcUltn  with  n larq«  field  of  viow,  excellent  renolutlon,  find  not  nffeohod 

by  eloud  coverage  la  nn  example  of  nuch  a cnno.  However,  for  thoao  uurvet llonca 

•onoorn  with  lower  glltnpne  probabilities,  an  lncronucd  npoed  of  tramiit  lm* 

mediately  bocomon  beneficial  to  Hluo.  Tlta  rtumbor  of  gllntpnon  (N)  becomes  fewer 

because  tho  exposure  •' ln.u  if  the  tartiol  in  reduced  and  a nmol  let-  value  of 

P_  rOBUltB, 

U » 


» 
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D.  EVASION  OF  ATTACK 


Tho  Attack  and  Count orattack  unction  oddreBsod  tho  probable  outcome 
Of  an  engagement  fanned  on  tho  firing  of  n flrnt  allot..  If  cno  of  tint  oombotnntn 
was  nblo  to  launch  a weapon  pri,or  to  tho  other , he  won  eomiidcro'cl  to  bo 
the  winner  of  on  engngomont. . tlowover,  to  comi'loto  tho  niwilynin  t>f  attack/ 
counterattack,  the  probability  of  largo!,  rinutruct.lon  uftor  weapon  launch 
muot  ba  'connidorod.  Prcanntod  in  thin  nubnncl  ion  t«  « (Uncnnalon  of  how 
•pood  might  bo  applied  to  reduce  tho  capability  of  an  enemy  weapon,  uubaeguont 
to  ita  launch. 

A oatiu  which  i Hunt  rat  n«  in  ono  where  Rod  hnn  nuporlor  detection  capability 
«nd  higher  platform  speed  than  tiluo,  but  blue  has  the  greater  weapon  rtmqo.  Thus 
Rod  hnn  tho  option  to  attack  or  not,  but  must  consider  tiluo' n ability  to  fire 
firot. 

Initially,  Hod's  problem  can  bo  represented  by  the  fol lowing  i.annhpnter 

A 

oquotlonoi 


dN 

ifT 


11 


-p  >M 
M 


(3) 


and , 


dM 

<11 


"V 


Where, 

I'll  ->  proli.thi  1 lt.y  of  Hud  mirvivul 
»’M  •»  probability  of  Hiuo  iuirviv.il 
N Hod  weapon  capability 
M tiluo  weapon  capability 
t >*  time  interval  of  engagement 


(■») 
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Thun,  Uni!  n mirvivabll  i ty  fund  inn  altcm  over  line  an  a function  of  the 

product  of  Blua’a  weapon  capability  and  the  aurvlvability  of  Blue  and  vice  voroo. 
However i nincu  Hod  poonennan  tho  option  to  attack  or  avoid  ho  ahould  conoldnr 
tho  rxpoetad  vnluo  of  tho  outcome.  That  in,  Rod  nhould  not  normally  ohooeo  to 
attack  unletin  tho  following  inequality  holdat 

Ujd-iy  < ua(i-PM>  (s> 

whore, 

» value  of  Rod  platform 
U»  » value  of  llluu  platform 

a 

Tho  loft  aide  of  equation  (Si)  ropronoritu  tho  expeetod  value  to  bo  lout  by 
Rod  and  tho  right  uirle,  IJlue'a  expected  loan.  If  thin  inequality  worn  raverued, 
Red  ahould  not  attack  (except  in  tho  circumn :anoo  whore  aome  laroor  overall  val- 
ues at  atuku  may  «.»>  dictate) , 

Tho  question  in,  how  dooti  Roil  favorably  alter  this  inequality?  Tho  plat- 
form value  termu  uro  fixed  no  that  Rod'll  tucticu  (l.,o.,  apood  and  mannuvor) 
can  only  affect  tho  kill  probubilltion,  (1-t1^)  or  (1-R^).  In  thin  npncific 
caoo,  uinco  blue  huu  tho  greater  weapon  range,  thorn  in  u time  puriotl  (while 
Rod  in  ltuiirle  Hlua  weapon  rango  but  cannot  yot  roach  Hlue  with  his  weapon) 
within  which  tho  only  effect  Hod'n  tucticu  can  havu  in  to  alter  hio  own  nur- 
vivability  agaiunt  Rlue'ii  weapon.  Our  intercut,  thuii,  norrowu  to  whotlier  or 
noc  Rod  cun  iiufflclcnt  ly  degrade  Uluo'u  weapon  purfoimanco  by  munnu  of  Rod 
platform  munmivem  while  cloning  blue.  Tho  quoution  «<Uiraooed  in  the  contri- 
bution of  inereuiied  Rod  platform  upend  to  thin  objective.  Hocl'ii  luetic  1h  t.o 
detect  uml  track  Ulue'n  weapon  and  execute  a properly  timed  high  upend  avoidance 
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maneuver.  Tho  jnirpont!  or  tlili;  m.irnuvt-i  i m to  enc-ape  from  thn  effective  urea  of 

tho  weapon  before  tho  weapon  arrives. 

The  aeuumod  <|oomotry  in  ahown  in  Plgurn  VIII-1.  Initially,  Had  (who  has  thn 
apood  advantage)  la  pursuing  Dine  and  ha.*i  olnned  to  within  blue ' s Voapon  range, 
blue  firea  at  Rod.  Rod  knowo  tho  uhnraator.lsticn  of  ltluo'a  weapon,  including 
tha  maximum  turning  rate  at  which  tho  weapon  can  pursue  him,  shown  as  the  lim- 
iting Dluo  weapon  path,  lie  aluo  knowu  tho  radius  of  lothul  effects  of  the 
weapon,  , The  ho  combi  no  to  produce  the  effective  aroa  of  thci  weapon  (shaded 
area).  His  objective  is  to  cross  thin  area  and  exit  before  the  weapon  orrtvno 
at  any  paint  whura  itx  radiun  of  lethal  offoots  (tlaahod  cirola)  ooul.d  interneat 
Ilia  platform. 

figure  VIII-1 

Ooomotry  of  tho  Weapon  Avoidanco  Manouvur 


vxix-ia 


Key  j'.ir.tmni  i'im  in  d<*t«ui..inin<i  the  ability  rtf  Uttl  t r>  imc-.:aimful  ly  execute 
•uch  n maneuver  include)  the  Mpeod  of  Mug's  weapon,  the  rndiua  of  lethal 
offootu  of  the  weapon  and  ila  tnaneuvorabilit.y. 

Figure  VI 11-2  oooujnoB  a Mach  1.0  Blue  weapon,  and  indioates  ‘Rad  escape  capa- 
bility as  a function  of  Hod  platform  apaed.  Finoapn  capability  In  Indicated 
by  the  rndiua  or  lethal  offootu  which  the  wonpon  would  require  for  nalootod 
weapon  maneuvarabilitleu  (axprouncri  nu  g numberx) , Note,  however,  that,  the 
platform  In  nnuutned  to  have  a Hero  turning  rndiua.  ltofillutic  tactical  dinmetorn 
over  the  range  of  platform  speeds  indicated  are  an  much  an  several  thousand 


toatora. 


Figure  VIII-2 

Impact:  of  Speed  on  Avoidance  Maneuvers 


Purpose 

To  »how  the  effects  of  platform  spaed  on  tho  ability  to  euccrsnfully  avoid 
an  enemy  weapon. 

nasi  a for  the  Calculation a 

This  ia  a plot  of  equation  K-2, 

This  is  o banlc  case  for  a target  maneuvering  to  avoid  a weapon.  The  tar- 
get and  weapon  ara  annumed  to  be  heading  directly  at  each  other  boforo  tho  tar- 
get maneuvorB.  The  wonpoti  lo  assumed  to  havo  a minimum  turning  radius  governed 
by  the  weapon  aptied  and  tho  number  of  Gst  the  weapon  can  pull.  The  target  ia 
annum  id  to  turn  instantonpouiily  to  an  oscopo  path  which  ia  defined  to  bo  normal 
to  the  minimum  turning  rudiun  path  of  tho  weapon.  Applying  a weapon  lethal 
offoct  raw iufl  to  thin  path  ontnblishon  tho  boundary  of  tlic  area  of  effective- 
noBfi  of  the  weapon.  If  tho  target  can  croan  this  boundary  before  th«  weapon 
can  roach  tho  target,  ha  hau  auccooBfuliy  evaded. 

.".srur^t'  \ "M 

The  target  muiimivero  instantaneously  (tinaont  i ally  with  a toctical  diameter 
of  eero).  Tho  turn  in  na mimed  t.o  bu  made  at  tho  optimal  aoparatlon  distance 
from  the  weapon. 


Principal  Poi  nt  a 

1.  The  tlnce  curve:)  ill  Figure-  2 represent:  throe  lovoln  of  weapon  maneu- 
Vorahility  (in  g;i  which  the  weapon  can  tuinl.ath  in  a turn)  and  indicate,  for 
nucii  a weaptm,  the  let  hal  rad  I un  which  would  junt.  reach  « target  exocutlng  an 
niicapo  maneuver  at  the  upend  indicated.  Any  greater  target  upend  would 
conutitut.fi  a Hliccenriful  encapo.  Thus,  a 100-knot  latgot  could  oucape  n orte-g 
Ittinnila  witli  u warliuad  lethal  radius  of  lent;  tiiari  about  fiOO  ieet :. 

2.  At  bent,  however,  the  figure  can  l,c  contildered  .u.  .1  llufitrativo  of  tho 
maneuver  problem,  Note  that  ttm  target  is.  auiutnu.-d  to  turn  instantaneously. 

In  fact  , tactical  dininol-ern  or  moat  (surface  pint  Im-ms  are  directly  proportional 
to  the  platform  upend,  in  the  100-knot  region,  these  ari>  measured  in  thouaandu 
of  meters. 
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V 


S.  TRANSIT  AND  CONVOY 

A convoy  transiting  the  open  ocean  during  wartime  is  nubjoet  to  the 
probability  of  cnatny  attack.  This  results  from  the  conflicting  objectives 
created  by  the  convoy  transport  situation.  Conuldor,  for  examploi  an  objective 
function  for  n convoy  designated  Uluui 

Maximir.o  { M > (6) 

Subject  to i 

t<  I 
M **  nC 
n • N(l-Pjj) 

^ ■ '(t) 

Whore i 

M w total  tonnage  trnnnport.ed  from  origin  (A)  to  destination  (H) 

T " time  available  for  transport 
t ~ lime  required  for  transport 
N >•  number  of  available)  transport  plntfoimi 
n « number  of  platforms  to  complot a transit  from  A to  It 
C " platform  capacity  in  tonn 

*K  " Proh‘lbi11tY  of  platform  destruction  dining  tr.inult 
V w average  ripecd  ol  convoy  units  during  trnnnlt 

Tiio  above  objective  function  reflects  an  nunuinpt  ion  that  a ml  onion  hnu  been 
defined  and  prog  rammer!  whereby  n collection  of  commodities  muni,  be  moved 


between  two  point!)  within  n deiil tjn.it ed  time  period.  Tin-  confltrni nts  liuvo  been 
• implilMod  to  indicate  that  a plntform/unit  of  tho  float  its  capable  of  making 
only  one  trip  from  A to  n during  time  T.  However,  by  increasing  speed,  a poten- 
tial of  multiple  trip!)  during  tho  maximum  allowable  time  intorvoi  jMterialitoa. 
In  addition,  an  unspecified  relationship  between  survivability  and  trnnnitt  epeed 
has  boon  assumed  to  exist.  t>‘urthnr  refinomonts  such  as  a dependence  of  tonnage, 
C,  and  number  of  available  platforms,  N , upon  tho  magnitude)  of  transit  spnad,  V, 
are  Dubnoquontly  discussed. 

Tlie  dependence  of  survivability  (1  - P^)  upon  V refloats  an  enemy  (Red) 
capability  which  can  be  degraded  by  increased  Ditto  spaed.  Thin  degradation  may 
occur  in  two  wnyui 

, 1.  Unite  of  the  Dluo  force  can  use  speed  to  maneuver  to  avoid  tha  lethal 
area  of  weapons  launched  by  Rod. 

2,  Rlno  escort  vehicles  can  use  speed  to  intercept  Hod  and  counterattack 
before  he  can  successfully  launch  his  woaponH. 

Increased  convoy  spend  cun  also  impact  on  the  of  f on  ti  veins  mb  of  an  enemy 
intelligence  system.  Improved  transit  spaed  reduces  exposure  time  within  n 
region  in  which  an  enemy  might  initiate  attack . Unless  the  Hod  nurvoi lluncn 
system  is  continuous  in  nature  (i.o.,  the  entire  region  in  always  monitored 
end  collected  Information  in  interpreted  in  near  real-time),  uncertainty  ns  to 
convoy  locuUtm  i„  introduced.  Thin  concept  was  previously  discussed  in 
Bubscet.ion  1). 
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The  lot  nl  i -il  tnn;i  1 1*  for  tiwtiKUiVcr  o /ifiri  t|uant  \ I .il  I v*  • (UifiPjinmi'iil  i?j  do— 

Boribnd  by  Pw\  the  probability  of  jttntfurn  do ®t ruction  during  trnhoit,  Dofon«iva 

R 

or  Dluo  nwnouvora  are  executed  to  roduer*  1’  find,  cionvernuly , offonuivo  or  Hod 

R 

nmiouvcfra  are  initiated  to  improve  P^. 

The  trnnnit  neonnrlo  consolidated  into  equation  sot  (G)  can  now  bo  amplified 
to  inoludo  danerlptlve  pnrmnoforn  far  both  the  convoy  and  tho  potential  ottnokur. 

An  previously  noted,  a convoy  attempts  to  transit;  from  port  A to  port  B solocting 

• path  through  a region  under  enemy  nurvoillunce.  This  in  depleted  in  figure 

WlI-3. 


figure  VIII- 3 

Convoy  Trarnt.lt  Under  Enemy  Surveillance) 


Tho  por.iilblo  numbnr  of  trnmilt  paths  through  the  total  operating  region  in 
infinite.  However , bound n might  lie  Imposed  liy  the  maximum  ponni bio  npeed  of 
trannit.  arid  tin*  allowable  miurilon  time.  Tim  arean  of  mirvci ll.vico  iibown  in 
figure  VIIX-3  can  toko  on  varlouu  fnaturen.  They  might  be  mobile  if  contained 
on  0 platform.  They  .iluri  might  monltoi  a region  within  (heir  field  oF  view 
continuously  or  intermittently,  A uonobuoy  finlti  monitored  by  a roinnle  ntation 
in  an  oxumplo  of  u continuum)  monitor.  A uonnor  riyntein  aboard  a platform  with 
limited  oiidttrante  or  a satellite  ucnoor  affected  liy  cloud  coverage  are  oxampl on 
of  liiturini  l tout  muni  Lorn. 


VIII-1G 


Tlio  ult.icker  (K  ‘il)  iimlil  lie  Iniwiln'l  in  1 he  ri.uno  poult  Inn  mi  tlln  nurvoil- 
lance  Byntom  or  require  deployment  from  a remote  uito.  If  remotely  located,  tho 
probability  of  acquiring  tho  convoy  for  weapon  launch  would  bo  dependent  on  tho 
•mount  of  information  nnpp.Uod  by  tho  initial  dotnetion  ayuiotn  during  pur unit, 
tho  puruult  t.imo,  and  thci  range  or  f icld-of-viow  of  tho  on-hoard,  purnult  detec- 
tion sensor.  Othor  ffletorn  inuat  bo  coneidorod  by  Clue  when  optimising  Btratogy. 
Thottc  lncludcu  number  of  purnult  nnd  surveillance  platforms)  relative  wnepon 
rangoBi  and  Hod  platform  upend,  endurance  and  range.  Table  VIIl-1  uhowu  the  per- 
tinent docinlnn  voriehlen  to  be  considered. 

Table  VI11-1 

• Convoy  Decision  Variableri 

platform  Vn viable hi 
BLUE 

• Number  of  Tranoit  Plntfornn  (cargo) 

• Number  of  I'.ucei t Vehicles 

• Maximum  Speed  Potential 

• P ix  1 tnum  cargo  potential 

KKL» 

• Numbm  of  (iurviii  l.lance  platfcii  inn  N 

H 

m Number  of  Attach  Platforimi  N 

A 

• Mnxlimim  Speed  of  Surveillance  Platinum.  V 

• Maximum  Speed  of  Attack  Platforms  V 


By mho 1 
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Bonnot  V.it  I aid 

BUU. 

• But  Veil  Imiico  Kongo  o "envoy  It 

H1 

• Intelligence  hovel  (l.o.,  information 
supplied  regarding  one  my  activity  by 
remote  nyntenm) 

1.  Froquuney  Fj 

2.  heart  tUnt.anco  (l.a.,  dlatancu  I,, 

of  onomy  activity  from  convoy)  1 

• Surveillance  Kongo  of  Monitor  Byntom  0^ 

• Surveillance  Range  of  Attack  Stumor  B, 

• Probability  of  Monitor  Syatirn  being  )> 

operational  ut  time  of  convoy  tranult 

through  the  dotection  region 

• Time  do) ay  from  convoy  detection  to 
attacker  receipt 

Woapbn  Variableai 
BhUB 

• Weapon  Range  of  Hnccni 

• Weapon  Accuracy  of  Kecor t 

KKI> 

• Weapon  Range  of  Attacker 

• Weapon  Accuracy  of  Attmkei  0 

<6 

Thu  purjiouu  of  Table  VIH-3  la  to  pinpha’-iizu  the  tlesc.1  I pLt  vo  detail  of 
a trnnnlt  operation  wiileli  imint  lie  coiei  I de  red  before  a quantitative  evaluation 
Of  the  impact  ut  upend  and  In  |>,ut  leu  1 n tint  value  of  iiuncuvet  n in  improving 
tho  objectivo  function  nlinwn  in  equation  (Ft ) c.in  lie  aiitienned. 
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A complete  evaluation,  using  a ant.  of  defined  vnlunn  described  in  Table 
VIII-1  is  buy  a ml  tho  nr  opr*  of  this  effort.  However , one  can  diseuNM  in  genorol 
term*  the  conditions  and  relative  nyntem  capabilition  which  must  exist  before 
increased  upoed  olthot  ‘or  tlu>  Rod  or  ftluo  producott  an  impact  on  tho  objective 
function  shown  in  equation  (6) . 

Consider  an  example  where  tho  convoy  decision  maker  (nluo)  does  not  know 
tho  location  of  tho  enemy  (Red)  mirvoillance  none.  However i it  is  known  that 
the  tone  does  not  cover  the  ontlro  potential  transit  area.  By  employing  great- 
er npaed,  the  tnet  (a  or  maneuver  of  d.lnparnion  (i.e.,  divide  tho  convoy  units 
and  croute  more  tranriit  ronton)  might  be  used. 

Since  the  location  of  tho  nurvolllunce  none  is  random,  tho  probability 
of  (inonunler  by  n rilopurnnd  transit  unit  remains  tho  aemo  aa  tho  probability 
of  enter  win.,,  the  convoy  remained  Intact.  It  1j  anaamed  that  target 
also  doe*  not  affect  ttio  enenunt  or  probabt 1 it  y . The  expected  value  of  the 
gume  (i.e.,  tiniM  of  cargo  dentroyed)  for  an  intact  convoy  Irai 


Ci  ..  A‘Pk'1'1) 


(7) 


where, 

G *»  tonn  of  cargo  destroyed 

A tonn  of.  cargo  contained  tn  tho  convoy 

1*^  **  protinlil  It  I y of  don*  i net  ion  t|lven  an  ciiimnnt cr 

Pjj  “ probability  of  encounter 

Whereon  the  expected  value  for  a dispersed  convoy  1st 


0 - N(N)‘1-K‘I‘„ 


(0) 


where, 


N - number  of  cargo  uni  In 
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it  celt  bti  Noun  that  equation  (ft)  in  equal  to  (7).  Thun,  tho  value  of 
the  game  docn  not  change,  but  lliu  variance  might.  In  the  cane  of  the  intact 
convoy,  tho  actual  gome  can  nuiutma  only  two  valuotti  (1)  aero  if  nncemnter  does 
not  take  place,  and  (2)  A ■ !’^  givon  that  it  doon.  for  dlupnrnion',  the  natuol 

game  can  tiuuumo  valuoo  from  0 to  A-P  in  inernmenta  of  A*P  /P.  Thus,  it  might 

l> 

ba  practical  to  diaporne  because  even  though  oxpoctod  loaner,  nro  not  dticroanod, 
tho  cntHBtrophl  c event  of  lotting  moat  of  tho  convoy  In  guarded  agaiiuit.  An 
opposing  rationale  for  romathlng  intact  would  occur  if  PR  tho  probability  of 
deutruotion  given  encounter,  worn  to  lnorenno  for  individual  units. 

Another  ronncin  for  employing  ope  ad  to  dl  iipomo  a ronvuy  in  to  take 
advantage  of  a limited  enemy  attack  capability.  It  micjhl  bo  pntwibln  for 
Hod  to  mount  enough  plutformn  with  multiple,  woaponn  onboard  tci  dnatroy 
an  lntr.Jt  unit.,  however,  if  tho  numbor  of  piatfm-mr  were  limited,  they 
might  not:  be  capable  of  directing  an  attack  againnt  every  dntuctod  Itluo 
unit. 

Itognrdl  emi  of  which  tactic  in  employed  (t.n.,  d I npui  ned  or  intact  convoy) 
during  transit,  ii  might  be  iieee'innry  to  crohn  a choke  point  near  tlm  termination 
of  tho  minxirm  at  port  ll.  An  Intel  1 Igeni  er-  my  would  ti.it  m .illy  lake  iidvantiiqo 
of  nuoh  a wituation. 

In  any  event  , It  nuifil  be  ri-eiKpit  ;*.ei1  that  l.he  impact  of  npoed  ami  m.incuvota 
ujion  « anecenaf '■!  convoy  tinimit  in  heavily  si  .pend  nt  upon  the  relative 
capability  of  red  anil  111  lie  we.ipunii  and  iienmnn,  an  wel  1 im  the  available 
number  of  plo!  fornci.  A cju.mtt  tal  ivn  ova  Unit  ton,  lining  pro  lect.od  force  numherti 
and  capabilities,  in  icqulied  for  an  ln-<lcpth  anil  complete  appraln.il  of  the 
impact  of  platform  iipecdu  and  maneiivorn  on  convoy  tiamilt, 
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A briof  gonoral  diseuaulon  of  tho  utility  of  vehicle  spend  in  maneuver  and 
avoidance  wan  followed  by  diucunstem  of  application  to  tho  varioun  naval  vahiclo 
functions  analysed  in  the  previous  uoct.lona. 

Prom  a pursuoa'a  (Ulun)  point  of.  viow,  thorn  are  two  typon  of  purnuit.  In 
the  first,  tho  pursuer  (Hod)  inointaiiiB  continuous  traoklntj  on  tho  purnuec.  In 
this  ovont,  thu  only  nl tornativou  available  to  nluu  ate  noun tarat tack  or  (given 
a superior  spoed-ondurnnen  combination)  escape. 

When  hod  iu  limited  to  intermittent  information,  avoldaneo  maneuvers  can  be 
employed  by  nine  during  Hxid'n  blind  periods  to  incroana  tho  area  of  uncertainty 
ih  order  to  on cape  (or  complete  a mlunlon  prior  to  capture) . Increased  platform 
speed  r.mtvinceM  blue ' a ability  to  do  no. 

Avoidance  of  detection  by  a uoarchor  (lied)  may  nine  bo  enhanced  by  increased 
speed  capability  of  tin*  target  (nine).  In  the  caso  of  Hud  employing  dtntributorl 
nonuorn  to  monitor  an  area  containing  Hl.uu  (or  which  nine  munt  trannit),  lUuo'a 
bent  option  In  to  take  a direct  , minimum  length  path  nl.  an  optimum  speed.  When 
Rcd'n  pj'obahi  1 it  y oT  detect,  ton  0'^)  tnrri'ii'ien  with  blue's  tipoud,  Blue  requires 
npeoit  lc;  knowledge  e * 1 Hurl  nonnor  porfoimanc"1  levels  (an  a funct  ion  of  Ditto  upend) 
in  order  to  determine  hln  opt  imum  speed. 

If  Keil 1 n ricnnnr  performance  In  not  sensitive  to  Ulue  npood,  tlio  benefit  to 
hluti  of  t remaned  speed  in  found  to  depend  on  key  piirnmetefn  of  the  Had  Bonnot 
system.  If  um.li  H<  <1  iiennor  most  torn  ecmt  imnmnly  with  a very  high  P , spend  in 
of  no  benefit,  to  blue.  II,  however,  tho  nun'mru  oru  cliarout urir.ed  by  intermit- 
tent glimpses  with  inurli.rate  or  low  lJj(n,  blue  i-.m  unn  npeed  to  reduce  t.lio  number 
of  glimpses  and,  thun,  the  overall  P(J  . 
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vrhlcln  m.iy  ho  tfj 


employ  a tlmoly  maneuver  to  evade  tho  lethal  pattern  of  a weapon.  Ilowevor, 
agntmit  modern  mlnnilo  ayntomN  iiucooeaful  avoidance  dopnnda  on  a very  high  lovol 
of  mnneuvornbl lity  an  wnll  an  high  vehicle  speeds, 

la  tho  rnibueotion  on  transit  and  convoy,  It  wnn  determined  that  l.ho  benefits 
of  in'  untied  rpoort  of  maneuver  nr o highly  ncoiiario  dopondnnt  and  that  othor  pnra- 
mntorn,  nuch  ns  nunnor  mid  wonpon  performance  and  tho  numhoro  of  vehicles  in- 
volved, munt  ho  npouiriort  to  mnko  meaningful  fct.nt.oinenttt  regarding  tho  vahio  of 


relative  vehicle  rpnods. 
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